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TEA NSLATOR’S PREPACK. 


M. Naquet's work on Chemistry is one which, while setting forth the 
modern theories of the science, gives as much of the practical results 
obtained hv analysis and experiment, and of the mode of preparation 
and the properties of the elements and their compounds, as is necessary 
for the student without being too bulky for its contents to be easily 
mastered, that portion which treats of Organic Chemistry being espe- 
cially valuable. M. !Naquot explains and gives with great ability tbe 
arguments for and against his theories and those of other chemists, 
thus affording the facts and reasoning on which they are b ased, and tbe 
means of judging of their respective values, while many of the views 
set forth, and of the experiments given, are of interest from their com- 
parative novelty. Such a work seemed to me to hi? needed in the 
English language, and I therefore undertook its translation. 

M. Kc'kules diagrams are, I think, now first introduced to the 
English reader. They are useful as a mechanical assistance in explain- 
ing the modes of combination of atoms, and their arrangement in 
molecules. 

It will bo noticed that easts of the original plates have been used, 
and that two or three of them contain a few words of explanation in fho 
original language. To obviate, this would have required the engraving 
of new plates, which was not considered necessary. 

My warmest thanks are duo to Dr. Stevenson for kindly underfaking 
the labour of revising the proof-sheets as the work passed through the 
press, and thereby imparting to it a guarantee of correctness and an 
authority which it would not otherwise have possessed. 


Keuniruffou Parle Pond, ft 
AWW*r. 1 Sf>7. 
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‘REFACE TO THE FIRST EDITION. 


DaisLNO the last ton years great progress lias been inn do by the science 
of Chemistry. Mew and important discoveries have succeeded one 
another rapidly, and at the present time great advances are being 
made in llie art of synthesis. 

In ISofi Clorhardt contributed greatly to this progress by the publi- 
cation of his treatise on “Organic Chemistry.” At the same time, 
whilst lie systematized the knowledge of his epoch, oilier workers not. 
loss indefatigable —MAI. Wurtz, Cannizzaro, llofmunn, Williamson, and 
several others equally ardent — contributed the results of their activity. 
Occasionally, it is true, their discoveries wrought important modifi- 
cations in the primitive plan, but it may be affirmed that tho ideas of 
Cevlundt have not been assailed in any essential point. 

From this series of works a collection of theories lias arisen upon 
which the chemical science of the present day is founded. These 
theories are taught professorial h\ more or less, in (lormuny, in 
Hngland, and in Italy; hut in France, where they first arose, they 
arc not generally taught. 

The greater number of chemists recognize that it is time to put an 
end to a system of study essentially retrograde and false; but they 
hesitate, remembering the little help their oral instruction will find 
in the number of elementary works on Chemistry which, with the old 
notation, propagate antiquated ideas. If these considerations did not 
naturally bring to our pen the name of M. Wertz, the great sym- 
pathy which -attaches us to his person, and, above all, our esteem for 
his character and high intellect, would suffice to dictate to us an 
culogium on his excellent “ Le<;ons de Fliilosophie (himique,” which 
he has just published. 

This hook marts n period : it is ( ■hemistry making a halt in the midst 
of its conquests, and contemplating at the same time tho load already 
traversed and the goal to be attained. 

I hit a book which presents a science from so high a point of view 
would not bo suitable for those who seek initiation into that science. 
* Tho intellectual summit cannot, ho attained at one flight. Lower 
stations arc necessary, and the work which we now oiler to tho public 
only pretends to be a point of departure. Although elementary, it set* 
forth the modern theories, and contains the indications indispensable 
for tl|p guidance of those who wish to raise themselves towards the 
higher regions of ('hemistry. 



PREFACE. vii 

The descriptive part may appear to be too much abridged, if com- 
pared with tho developments of theories which it contains. Such as 
it is, it will nevertheless suffice for the student, and will exceed in 
many points the ordinary outline of liis studies. 

Wo asked ourselves at the commencement if it. would not ho better 
to anridge the work still further, and to eonfino it to the application of 
Chemistry to Medicine ; in short, to make it. a Medical Chemistry ; but. 
wo thought it hotter to abandon this first project. Physicians will 
not have a correct, idea of those parts of Chemistry which are directly 
use ful to them until they have studied tho scienco as a whole. We 
hope to obtain this result by placing Chemistry before thorn in as few 
pages as possible; and our professorship at the Faculty of Medicine at 
Paris authorizes us to believe that our book will become a classical 
work for students of Medicine. 

Tn our opinion students enter upon a false path when they neglect 
the knowledge of laws to gain for themselves simply an acquaintance 
with a number of fads, with which they uselessly overload the memory, 
lk'sides, special works are always at their disposal when they wish 
to enter upon practice; and the first, element of an important mani- 
pulation is found in a judgment strengthened by a positive doc- 
trine which understands how to deviso experiments and appreciate 
unlooked-for results. Nevertheless, we are far from stating that tho 
student, ought to limit himself to the philosophy of Chemistry and 
ignore altogether the properties of bodies. Hut hero also we would 
leave the beaten path. The practice is to study separately tho 
characters of different bodies, ami scarcely to notice the characteristics 
of a group. Wo shall proceed in the inverse manner. Thus, in Organic 
Chemistry, instead of passing the diffcienl alcohols successively in 
review, we shall give tho characteis of the Alcliohol group, and follow 
up with the names and formulas of the bodies which compose it. It 
will then he easy for the student to apply to each of them the general 
properties which belong to all. 

This method will not prevent us pointing out, in a special para- 
graph following each group, tho name, the properties, and the usual 
mode of preparation of the bodies most frequently employed, which 
theke different, groups contain. * 

Tn this manner the student having only to remember the properties 
of certain series, instead of large numbers of individuals, will retain 
them more faithfully in his memory. 

A\ ill this proceeding, which we have always found successful in 
special teaching, succeed in this book? Wo hope it will, and wo place ‘ 
our work before the public in the full confidence that it will bo 
appreciated. 



PREFACE TO THE SECOND EDITION. 


Tiik hopes wo entertained when publishing our First Edition have 
been completely realized. In less than two years it has been 
exhausted ; and, encouraged by our success, wo publish this Second 
Edition, revised, corrected, and enlarged. 

There will be found in it a more complete and detailed discussion 
on tlio questions upon which rhemjsts are still divided; and the 
descriplive part, which wo were obliged to curtail in the First Edition, 
has been considerably increased. 

After tho revolution in teaching which has taken placo at the 
Faculty of Medicine, where M. AYurtz now inculcates the new views, 
wo think that this Edition will answer cveiy purpose better Ilian the 
preceding one. 

AYo have endeavoured to make the theoretical demonstrations, as 
well as the explanations of facts, as clear as possible; to use no 
expression which has not already been defined and applied; and to 
follow the logical order which is observed in the mathematical sciences. 
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PRINCIPLES OF CHEMISTRY, 

FOUNDED ON MODERN THEORIES. 


PART FIRST. 

GENERAL PRINCIPLES. 


PRELIMINARY CONSIDERATIONS. 

If we cast our eyes around us, we are struck by the sight of a multi- 
tude of objects of infinite variety. All these objects, whatever they 
may be, have received the general name of bodies. Thus the sun, the 
earth, my house, the chair on which I sit, the pen with which I write, 
the ink’ into which I dip my pen, and the inkstand which contains it, 
arc all bodies. 

That which constitutes bodies is called matter or substance. In 
speaking generally wc may say that matter is whatever strikes our 
senses ; more scientifically speaking, matter is everything that obeys 
the laws of gravitation. 

Bodies are not formed of substance everywhere continuous in itself, 
as is shown by their porosity, their power of augmenting and diminish- 
ing in volume, and even of changing their condition under certain 
influences. They are constituted by the aggregation of small par- 
ticles called molecules, placed at a certain distance from each other, 
and maintained in equilibrium by the forces of attraction and repulsion 
which they exercise towards one another. 

These molecules are not the extreme limit to which it is possible to 
attain in the division of matter. By bringing other forces into action, 
they can, in the majority of cases, be subdivided into portions still 
smaller, to which we give the name of atoms. 

In exceptional cases they are not thus divisible. In such cases we 
say that the molecule and the atom of these bodies are tho same. 

The aggregate of all bodies which exist has received the name of 
nature ; pd the study of nature is called natural philosophy. 

Jo na'pral philosophy two great divisions ought first to he made. 

Certain sciences study living bodies, especially the modes by which 
their vitality is manifested ; that is to say, while investigating the ktws 
of life they lay aside the consideration of any properties which these 
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bodies possess in common with inorganic bodies. When they study 
inorganic bodies they only take cognizance of their manner of existing 
in nature, their external properties, without noticing the modifications 
which these properties may undergo under the influence of various 
agents. Other sciences, on the contrary, in studying inorganic bodies, 
seek both thoif external properties and the modifications which we can 
impress upon theta. by the aid of agents at our disposal. They do not 
occupy themselves with living beings, or at least only study the pro- 
perties which these possess in common with inorganic bodies. The 
namo of “ Natural Science,” properly so called, or “ Natural History,” 
is given to the first of these sciences, while the appellation “ Physical 
Science ” is resorved for the second. 

Physical Science contains two distinct sciences — physics and 
chemistry. Tho science of physics studies bodies from the point of 
view of their properties and the actions which they exercise on each 
other, in so far as these actions do not affect their intimate consti- 
tution. 

Chemistry, on the contrary, studies the properties of bodies and the 
actions which they exercise upon each other, in so far as these actions 
do relate to thoir intimate constitution. 

This definition of physics and chemistry, which, with some modi- 
fications in form, is that which is found in all works, is incomplete. 
After saying that chemical phenomena have relation to the intimate 
constitution of bodies, and physical phenomena have not, it still re- 
mains to define what is meant by intimate constitution. We say that 
bodies are not modified in their intimate constitution when the force 
by which ’ thoy are attacked passes between their molecules without 
the latter undergoing any alteration, either in the number of atoms of 
which they are composed, in tho relative distance of these atoms, their 
mode of grouping, or nature. 

AVe say, on the contrary, of a body, that it is modified in its intimato 
constitution when its molecule is altered in the nature, the number, 
the distance, or the mode of grouping of the atoms which it contains. 

Thus : all the phenomena in which the molecule remains unaltered 
belong to tho domain of physics ; all those, on the contrary, in which 
the molecule is more or loss modified, appertain to the domain of 
chemistry. 

To render this definition quite clear, wo will give an example of 
these two orders of phenomena. If wo take soft iron, and submit it to 
the action of an electric current, the iron acquires all the properties of 
a magnet. Interrupt the current, and the metal will regain all its 
original properties. Its molecules will not have undergone any 
alteration ; the modification observed for an instant has not affected 
its intimate constitution. This is a physical phenomenon. If, oii the 
contrary, we warm a piece of phosphorus, protected from the air for a 
sufficient length of time, and at a temperature of about 240°; from being 
yellow, transparent, very inflammable, and soluble in certain solvents as 
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it was, it becomes red, opaque, less inflammable, and insoluble in the 
same solvents, and keeps its new characters when completely cold. 
The modification produced by the influence of heat affects its intimate 
constitution. This is a chemical phenomenon. 

In chemistry bodies are divided into two great classes — simple and 
compound. Simple bodies are those from which we are as yet only 
able to extract one kind of matter. Compound bodies are those which 
we are able to resolve into two or more substances possessing different 
properties. Our belief that a body is simple cannot be positive ; those 
regarded as simple to-day, may to-morrow bo proved to bo compound. 

Among compound bodies there are some which consist of simple 
mixtures, and others which are the result of definite combination. 
They are distinguished by two principal characters : 

1st. In mixtures each element may bear any proportion to the 
others. In compounds which result from combination, the proportion 
is definite and constant. 

2ndly. In mixtures all the elements retain the properties that are 
peculiar to them. In compounds resulting from combination, each 
element loses the properties that characterize it to acquire new ones 
common to all. We have really a new body— thus : 

Sulphur is soluble in sulphide of carbon, and iron is attracted by the 
magnet. If iron and sulphur are reduced to powder ayd mixed, they 
will retain their properties. The iron can be separated by means of 
the magnet, and the sulphur by dissolving it in sulphide of carbon. If, 
however, the mixed powders were to be heated, a chemical action 
would ensue. The mass would become black, and assume new 
properties ; it would no longer be attracted by the magnet, as was the 
iron, nor soluble in sulphide of carbon, as was the sulphur. Before 
bringing the heat into action there was a simple mixture ; now there is 
r, definite combination. 

When combination is produced, the observer perceives it by certain 
phenomena : thore is always disengagement of heat, and development 
of electricity ; sometimes the production of light, and often contraction 
of the mass. 

Combination is favoured by heat, light, electricity, the nascentjtate, 
attractive force, bulk, and a certain elective property, in~virtue of 
which a given body combines more readily with a second than it will 
with any other. 

1st. Heat. — In the effect which heat produced upon the mixture of 
iron and sulphur, we have already witnessed the intervention of this 
agent. 

2ndly. Light. — The action of light is often indispensable. Thus the 
pr«3ence of a violet ray suffices to determine the sudden combination 
of chlorine and hydrogen, which cannot take place in total darkness. 

3rd. Electricity. — That this has an action can no longer l>e doubted. 
It has been demonstrated in a startling manner by the direct combi- 

r 2 
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nation of carbon and hydrogen realised by M. Berthelot. This combi- 
nation, which cannot take place at any temperature without the electric 
action, easily occurs under the influence of a strong current. 

4th. The Nascent State. — We mean by this the state in which bodies 
exist at the instant they are set free from a combination. Experience 
proves that in this condition they have a greater tendency to combine 
than when they are taken in the free state. 

5t h. Action of Bulk. —Of this description are actions in which two 
bodies mutually displace each other in a combination, the one which 
is in larger quantity taking the place of the other. M. llevillo has 
recently given a very rational explanation of the actions of bulk. From 
his experience, lie has arrived at the conclusion that in the decomposi- 
tion of bodies by heat, phenomena take place analogous to those which 
are observed in the vaporization of liquids. Just as the passage of a 
liquid into the gaseous state requires a certain amount of heat which is 
entirely absorbed, so, to reduce a compound body to its elements, there 
is required the absorption of a quantity of heat equal to that which 
was disengaged in its formation. 

Whon a liquid is heated to a temperature lower than its boiling 
point it omits vapour. After a time the space in which it is contained 
becomes saturated, when the vaporization ceases, the pressure of the 
vapour already formed counteracting the tendency which the remainder 
of the liquid has to become vaporized. An analogous phenomenon is 
observed in decompositions. When a compound body is heated to a 
temperaturo insufficient to cause its complete decomposition, a part, 
nevertheless, is resolved into its elements, but the quantity is only a small 
proportion of the wholo. The decomposition presently stops. This 
equilibrium is produced when the decomposition which takes place is 
exactly compensated by tho reconstruction which goes on at the same 
time. 

Let us suppose that we heat the vapour of water to 120° in a great 
excess of chlorine (water is composed of oxygen and hydrogen), a 
small quantity of hydrogen and oxygen will become free. Hydrogen 
has a tendency to combine both with oxygon and chlorine ; but the 
oxygen being small in quantity compared to the chlorine, it is with the 
latter body that the greater part of tho hydrogen will combine. The 
phenomenon will be thus continued, and consequently more of the water 
will be destroyed than will be reconstituted, and the greater part of the 
water will in a certain time be found transformed into hydrochloric acid 
(composed of hydrogen and chlorine). If, on tho contrary, we heat 
hydrochloric acid in a large quantity of oxygen, the oxygen being 
always in great excess relatively to the chlorine, then it will be with the 
oxygen that the greater part of the hydrogen set free by the decom- 
position of the hydrochluric acid will combine. Thus hydrochloric 
acids will be almost entirely transformed into water. In a word, the 
same phenomena will again have taken place, but in the inverse order. 
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6th. Catalysis. — This name is applied when a body determines a 
combination or a decomposition simply by its presence alone, without 
intervening in the reaction. 

7th. Elective Properties. — The elective properties, in virtue of which 
bodies have more or less tendency to combine with one another, are 
matters of experience. They belong to the intimate nature of bodies. 
We are usually able to foresee them, from the following circumstance : 
when two bodies combine the compound can be reduced to its elements 
by the influence of an electric current. In this case one of the con- 
stituent principles goes to the positive, the other to the negative pole. 
We suppose the former — that which goes to tho positive pole — to be 
charged with negative electricity; and it is called electro-negative in 
relation to the second, which we suppose charged with positive elec- 
tricity, and which is called electro positive. All simple bodies can be 
ranged in such a series that each of them will bo electro-positive 
towards those which precede it, and electro-negative towards all those 
which follow. 

Experience proves that the tondency which any two bodies have to 
combine with one another is in direct proportion to tho distance which 
separates them in the electric series. 

Wo have already seen that in order to understand the different 
physical and chemical phenomena we arc obliged to suppose that 
matter is composed of particles indivisible by means of the forces at our 
disposal — particles which are called molecules or atoms. 

Further, we have seen that these two words are far from being 
synonymous, tho moloculo being generally constituted by an aggregation 
of atoms. The force that unites the atoms in the molecule has received 
the name of affinity; that which unites the molecules among themselves 
is called cohesion. Formerly affinity was defined as the force which 
unites the atoms of several different substances. This definition was 
incomplete. The force which unites two atoms of hydrogen in the 
molecule of this body is as much affinity as that which unites an atom 
of hydrogen to an atom of chlorine in the molecule of hydrochloric 
acid! • 

In consequence of this false definition the word Affinity presents, 
besides the philosophical meaning which we have just stated, a dif- 
ferent meaning. We call affinity tho elective property of which we 
have just spoken, and in virtue of which certain bodies ore more or 
less apt to combine. It is thus that we say that chlorine has great 
affinity for hydrogen. We caUjL compound, body stable whenjt^easily 
i nsists decompo s ing agents. I n the contrary case it is called unst abl e. 
T^o bodies, A and By can often ^iS se veraT”defihTte^"combmati ons 
into which they enter in variable proportions. If we take from each 
such a quantity that it contains a constant weight of the body A, the 
heights of the substance B will always bo in relative proportion to it. 
Thus the quantity of A contained in different ^eights of each of the 
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compounds that it forms with 15, being 1, those of B will be respec- 
tively 

1 : 2 : 3 : 4 : 5 : 6 : 7 . 


Similarly, the weight of A being 2, those of B will be 

2 : 4 : 0 : 8 : 10 , 


and so on. This law has received I ho name of the law of multiple pro- 
portions, and is due to Dalton. When the combining bodies exist in 
the gjiseous state thero is always a simple proportion between the 
volumes of the two primitive gases and the volume of tho compound 
formed, taken in the vapour state under tho same conditions of pres- 
sure and temperature. 

The compound often occupies a smaller volume than the sum of 
tho volumes of the elementary gases. Then wo say there has been 
a contraction. This contraction can be expressed by the general 
X-v 

formula - - , where Y represents the volume of tho mixture of the 


two gases, v the volume of the compound formed. Sometimes the 
compound occupies the same volume as tho sum of the two elementary 
gases : this case does not occur except when the two elementary gases 
combine in equal volume : the inverse is not correct; thero maybe 
contraction even when two gases combine in equal volumes. 

The volume of the compound formed never surpasses tho sum of tho 
volumes of the elementary gases ; that is to say, thero is never dilata- 
tion. This law is called the “ law of Gay-Lussac.” 


CRYSTALLOGRAPHY — OPTICAL PROPERTIES. 

Crystallography.— 'Most, substances take geometrical forms when they 
pass from the liquid or gaseous 1o the solid state with sufficient slowness 
to enable their molecules to take tho positions natural to them. These 
forms, which are always the same when they are produced in tho same 
conditions, have received tho name of crystalline forms, and the bodies 
which assume them that of crystals. Crystals never have retiring 
angles. Such angles are only found in groups of several crystals 
joined together. Sometimes these joinings take place with so much 
symmetry that tho groups which result present a very regular 
appearance. 

Crystals do not break with equal facility in every way. Generally they 
possess two or throe directions in which fracture is easily accomplished, 
and following plane faces parallel to one another. These parallel faces 
are called cleavages. When we cleave crystals in a direction contrary 
to tho proper lino of cleavage, now forms are obtained, which havo been 
called cleavage forms. In crystals wo distinguish /aces, such as are 
bounded by tho lines ^A B C I), A B E F (fig. 1 ) ; edges , or lines formed 
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by tho junction of two faces, AB,CD; and angles , which result from 
the intersection of three or more faces, as the angle A B 1) E, from the 
intersection of the throe faces A BCD, A BEF, 
and B 1) E G. 

If we study attentively the different crys- 
talline forms which are found in nature, we see 
that many are derived from one by a very simple 
law. The collection of all the forms derived 
thus from one typical form has received the 
name of “crystalline system.” There are six 
crystalline systems ; that is to say, six groups, 
of which each comprises forms which one do- 
rives from the others, and can in no way de- 
rive from those that are placed in the five other groups. 

Theso six systems can bo arranged in two classos: tho first con- 
taining all tho forms in which the 
three edges that arise from the same 
angle aro perpendicular to one an- 
other; the second contains, on the 
contrary, all the forms in which tho 
three edges are not placed at right 
angles to each other. 

Class First. Perpendicular Edges . 

— This class contains three systems 
of crystals, which aro distinguished 
from each other by the following rig. a. 

characters : 

In the first system tho three edgos are of equal length. This is the 
cubic or regular system (fig. 1). 

I n the second system two of tho threo edges aro of the same length, but 
the third is a different length to tho other two. This is the system of 
a right prism with a square base (fig. 2). 

In the third system the threo edges aro unoqual. This is a system of 
a right prism having a rectangular base (fig. 3). 

Cla^s Si'XJOND. Oblique Edges . — In this class the three last crystal- 
line systems are ranged ; they are distinguished from $ach other by the 
same characters which served to determine them first. 

In the fourth system the three edges are of the same length. This is 
the rhombic system (fig. 4). 

In tho fifth system two out of the three edges are of an equal length ; 
but tho the third has a different length from the others. This is the 
system of an inclined prism having a rhombic base. 

In the sixth system tho three edges are unequal. This is tho system of 
an inclined prisnt having its base a parallelogram, or the irregular system 
(fig. 0). The typical forms of which theso six systems aro the bases 
undergo modifications, by the help of which secondary forms aro 
derived. 
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These modifications consist in the substitution of an edge or an 
angle of a crystal by one or more faces which take the name of 



Fig. 4. I' iK- 5- Hr. 6. 


truncated faces. I f the truncated faces which affect the edges, or those 
which affect the angles, are prolonged until they touch each other, 
a second form, dcrivod from the first, will be obtained. It is thus that 
in substituting each angle of the eubo by a face equally inclined on 
each edge, and prolonging all the faces, that we obtain the regular 
octahedron, as is shown by figs. 7, 8, and 9. 



Fig. 7. Fig. 8. Fig. 9. 


When the .truncated faces are not prolonged, the crystal coTftains at 
the same time both faces of the primitive solid, and faces of the derived 
solid. Then we have a compound form, such as the octahedral cube of 
fig. 8. 

The law which presides over the modifications of which wo have just 
spoken is known as the law of symmetry . It is thus expressed : — In 
a crystal all thq similar parts must always be modified in a similar 
manner. It is lor this reason that in a cube where all the edges are 
alike, and where all Iho angles are alike, a modification on one edge, or 
on one angle, necessitates the like on all the other edges or angles. 

There are nevertheless special cases in which only half of the parts 
which ought to he modified aro really so, only one of the two alterna- 
tive parts having undergone the modification. Crystals of this nature 
are called hemiliedral. W hen we examine them, we find that the 
truncated facets, which are then called hemihedral facets, are situated 
always to the right or always to the left of the observer whichever way 
wo tprn the crystal. When the facets are to tlio right, we say that the 
crystal is hemihedral to the right; when -they are to the left, it is 
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hemihedral to the left. Certain substances assume crystalline forms, 
if not quite identical, at least so nearly so that they are only to be dis- 
tinguished by a very precise measurement of angles, and theso angles 
are very much alike. Jf such substances were crystallized togelhcr 
they would enter into one crystal in different proportions, and the 
angle of the crystal would be intennediate between those of the 
different bodies which take part in it. The substances which possess 
this property arc called isomorphous. 

Optical Properties. — AN lion a ray of light, is reflected under a certain 
angle, or is refracted in passing through the crystals called double 
refracting, it becomes polarized. We understand by this word that it 
.acquires the propert}’ of extinguishing itself every time it is reflected 
or refracted in such condition that, if it was not already modified, it 
would pass and take a plane perpendicular to that which it lias 
already. 

When a polarized ray falls oil a double refracting crystal, under 
conditions suitable for it to be extinguished, it can be made to re- 
appear by r interposing in its passage tubes full of particular solu- 
tions, or a sheet of certain transparent substances. The ray can 
again be extinguished if the double refracting crystal be turned a 
certain number of degrees either to the right or to the left. Then we 
say that the interposed substance turns the plane of polarization to 
the right or left; that it is dextrogyrate or levogyrato. Speaking 
generally, a substance which acls upon light in the manner described 
is said to be active, whatever may he the way in which it acts. 

When an active substance is capable of crystallization, there is a 
relation between the crystalline form and the direction of deviation. 

, This relation is such that, on inspection of a crystal, wo arc able to 
say whether the body which constitutes it is active, and whether it 
is levogyrato or dextrogyrate. In fact all active substances, in crys- 
tallizing, assume hemihedral forms; and it is remarked that those 
which turn the plane of polarization to the right are hemihedral to the 
right, while those that turn it to the left are hemihedral to tlio left. 
This remarkable discovery — suspected first by Ilerscliol — lias been 
definitely placed in tbc ranks of science by the labours of M. Fasteur. 


EQUIVALENTS. 


I f we dissolve in water a compound of chlorine and mercury (chloride 
of mercury), and place a sheet of copper in ihe solution, the metallic 
sheet will become white, while the solution becomes blue, and lhat 
without throwing off the smallest quantity of chlorine. After a certain 
time, on taking out the metal and warming it in an apparatus which 
permits the volatile parts to be collected, a certain weight of metallic 
mercury is obtained, and the slice t of copper regains its natural 
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colour. If it be then weighed, and its present weight bo deducted 
from that which it possessed before the experiment, it will bo found 
to have sustained a loss indicating the disappearance of a certain quan- 
tity of copper. On examining the solution which has become blue, by 
the proper chemical tests, we find that it contains copper, but that it 
doos not now contain the smallest trace of mercury. 

In comparing the weights of the mercury precipitated with the 
copper dissolved, we find that the 100 parts of mercury have been 
replaced by ill -50 parts of copper ; this proportion always remaining 
strictly the same, whatever may be the absolute reacting quantities of 
the two metals. Let us, in the second place, take a sheet of iron and 
plunge it info the copper liquor, from which the mercury is entirely 
extracted ; the copper will be precipitated in its turn, and tlie iron will 
enter info solution. On ascertaining the amount of iron dissolved, it 
will he found that .SI -50 parts of copper have been replaced by 
28 of iron ; this proportion always remaining the same, under all 
circumstances, without our being able to observe the least diserigage- 
ment of chlorine. 

Again, let. us take 28 parts of iron, and place them in a compound 
of chlorine and hydrogen (hydrochloric acid) ; hydrogen gas will be 
disengaged, and the iron will take its place. If the gas, set at liberty 
during the solution of the 28 parts of iron, be collected, the weight 
can bo obtained by measuring the volume (we know that 1 litre of 
hydrogen weighs 0*08'Jf>), and that this weight will bo equal to 1. 
From the foregoing it results, that 1.00 of mercury having been re- 
placed by 31*50 of copper, and these, in their turn, by 28 of iron, 
without tho quantity of chlorine contained in the solution having 
varied, 28 of iron are equivalent to 31*50 of copper, and to 100 of 
mercury. • 

Moreover, as 1 of hydrogen has been replaced by 28 of iron, these 
two quantities arc still equivalent ; and, finally, as things which are 
equal to Iho same thing aro equal to one another, it follows that 1 of 
hydrogen equals 100 of mercury and 31*50 of copper: that is to say, 

1 00 of mercury, 31*50 of copper, 28 of iron, and 1 of hydrogen are 
equal. The numbers which thus express the proportions according 
to which the bodies replace each other in chemical combinations bear 
the name of equivalents, or proportional numbers ; and thus we say 
that tho equivalents of hydrogen, mercury, iron, and copper, are 
respectively 1 , 1 00, 28, 3 1 * 50. 

In these proportions hydrogen has been taken as unity, because of 
all known bodies its equivalent is the lowest. 

Determination of Equivalents. — The preceding method is neither 
applicable to all simple bodies, nor sufficiently precise. There exists 
another, by the help of which we can determine exactly the equivalents 
of all bodios. To find the equivalent, say, of potassium, relative to 
hydrogen taken as unity, wo first combine potassium with chlorine, 
and thus obtain a compound called chloride of potassium, which we 
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analyze. This analysis shows that 100 parts of tho chlorido contain 
47 • 05 of chlorine and 52 • 35 of potassium. 

Then we combine chlorine with hydrogen ; and, on analyzing the 
hydrochloric acid thus produced, wo find that it contains, in 100 
parts, !>7*20 of chlorine and 2 ’74 of hydrogen. Then wo take such a 
quantity of each of these compounds that they contain the same weight 
of chlorine. lx;t this weight be 35*5: that, is to say; that which in 
hydrochloric acid is combined with 1 of hydrogen (which wo find by 
tlio proportion — 

2-74: 97-26 :: 1 : x; therefore a; = 35*5). 

Tho quantity of hydrochloric acid containing this weight of 
chlorine will he 36*5. The weight of chlorido of potassium, which 
also contains 35*5 of chlorine, is given by tho proportion— 

47*65: 100 : : 35*5: x ; therefore x = 74*50. 

» 

Therefore 74*50 of chloride of potassium and 36*5 of hydrochloric 
acid contain equally 35-5 of chlorine ; and as 36*5 of hydrochloric 
acid contain 1 of hydrogen, and 74*50 of chlorido of potassium con- 
tain 39 of potassium, 1 of hydrogen and 39 of potassium are equiva- 
lents ; tho equivalent of hydrogen being 1, that of potassium is 
therefore 39. 

It is evident that, instead of taking tho equivalent of the potassium 
with regard to hydrogen in a direct manner, we can arrive at it in a 
more indirect way. It would suffice to determine by the same method 
what is the quantity of potassium which is equal to 28 of iron, or to 
loo of mercury, or to 103*5 of lead, etc. ; and as 103*5 of lead, 100 of 
mercury, 28 of iron, each equal 1 of hydrogen, tho munlior found 
would be the real equivalent of potassium ; that is to say, 39. 

Thus, to determine tho equivalent of an clement A, we combine it 
with another body B ; then wc take a compound of this second body 
B with a third body C, of which the equivalent is known, and we seek 
wh.it is the quantity of B which is there combined with an equivalent 
of V. Let r bo this quantity of B. Lastly, the analysis of the com- 
pound A + B being made, we calculate what is the weight of A which 
is there united to a weight of B equal to V ; this weight of A repre- 
sents its equivalent. 

Nevertheless, this method possesses an inconvenience and often 
would not give a precise result, if Mitscherlicli had not completed it 
by a remarkable discover} 7 . It is excellent in cases which require to 
determine the equivalent of elements which only form ono serios of 
combinations, hut would cease to be applicable to those which, with a 
single simple body, form different orders of compounds. 

Fbr example, silver forming only one order of well-defined com- 
pounds, its equivalent can bo determined by the abovo process, and 
lias been found equal to 108 ; but this result could not bo arrived if 
the same method were used *to determine the equivalent of copper. 
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Copper fonns with chlorino ( 4*8 well as with the greater part of the 
bodies with which it is capable of combining) two compounds ; one, 
called protochloride, contains in a hundred parts — 

Chlorine 30*04 

Copper 03*96 

Too*oo 

The second, called bichloride, contains — 

Chlorino 52*95 

Copper ........ 47*05 

100*00 


If we wish to decompose the protochloride in order to determine 
the equivalent of copper, in comparing this compound with chloride of 
silver, knowing the latter contains — 


Silver 7526 

Chlorino 24*74 


100*00 


and that the equivalent of silver is 108, we calculate first what is the 
quantity of chlorine, which, in the chloride of silver, is combined 
with 108 of silver, which is given by the proportion — 

24 * 74 v 1 08 

75*20 : 24*74 :: 108 : x; therefore x = — = 35*5. 

75*20 


In the second place we calculate the quantity of copper which, in 
the protoclilorido of this metal, is combinod with 35*5 of chlorine, 
and by the proportion — 

36 * 04 : 63*96 : : 35 * 5 : x; therefore x = — r r ^rr"" ° = 33, 

36*04 

the equivalent of the copper. 

If, on the contrary, wo wished to decompose the bichloride of copper 
in order to determine the equivalent of the metal, wo should calculate 
the quantity of this body which, in the bichloride, is united to 35*5 
of chlorino. The following would bo the proportion — 

52-95 : 47*05 : : 35*5 : x 


v - 47*05 x 35*5 63 

therefore x = — — = 31*50 = — . 

o2*95 2 


The number 31*50 would thus represent the equivalent of the copper. 

Thus, if we compared either of the two chloridos of copper with 
chloride of silver, wo should find two different equivalents for the 
copper, of which one is double the other, and we could only choose 
arbitrarily between them. Mitscherlich, however, has found a law 
which removes all uncertainty from the application of this method/ 

This chemist has discovered that isomorphous bodies have a similar 
constitution, and he has thence concluded that only isomorphous bodies 
should be compared together. If we apply this rule to the preceding 
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case, we see that protochloride of copper alone being isnmoTphous with 
chloride of silver can alone he compared with it. Thence, the true 
equivalent of copper will bo that which is deduced from this compa- 
rison ; that is to say, 63. 

Before Mitscherlich’s law became known, the equivalent of copper 
had been aibitrarilv deduced from the composition of the bichloride 
of tlio metal; thence the equivalent 31-50, which wo still find in 
most of the elementary hooks, though it is incorrect. 

Nevertheless, it results from the preceding facts, that tlic term 
“equivalent” is wanting in precision ; in reality, wc ought to say that 
a simple body has as many equivalents as it makes combinations with 
any other element. It is clear that if, in the protochloride of copper, 
63 of copper being combined with 35*5 of chlorine, take the place of 
108 of silver, so also, in the bichloride, 31 *, r >0 of the same metal are 
united to 35v> of chlorine, and, consequently, equally take the place of 
108 of silver. This confusion will disappear if, for the term equiva- 
lent, wo substitute the much more clear and precise one, “atomic 
weight.” 


ATOMIC THEORY. 

Dalton was the first who conceived the idoa of explaining combina- 
tions by the hypothesis of atoms in juxtaposition, lie thence deduced 
that tliest atoms being indivisible, tlie different quantities of a body A 
which unite with an invariable quantity of another body B ought to 
be in tho same rational and commensurable proportions. An atom of 
the substance A, according to this hypothesis, can only be in juxtaposi- 
tion with a number of entire atoms of the substance B. From tho 
atomic hypothesis, therefore, Dalton deduced, a priori , the Jaw of 
multiple proportions; a law which, after having received the sanction 
of experience, has become one of the most solid foundations of this 
hypothesis. 

The atomic theory well explains the fact of equivalents; that is to 
say, tho fact that bodies enter into combinations in quantities which 
assume the same proportions, though varying with each case. 

Suppose, for example, that an atom of potassium weighs 30 times as 
much as an atom of hydrogen, and that an atom of chlorine, in older 
to form a definite combination, requires an atom of one or other of 
these bodies. The weight of the atom of chlorine remaining tho same 
in both cases, it is evident that, to saturato it, would require 33 times 
more weight of potassium than of hydrogen. Further, as these rela- 
tions cannot change, when the combination, instead of taking place 
bdtween two atoms, takes place between an undetermined numlier of 
atoftis, it results that, to saturate any quantity whatsoever of chlorine, 
takes 39 times more of potassium than of hydrogen : this is what we 
have already expressed in saying that the equivalent of potassium is 
39 relative to that of hydrogen taken as 1. In the atomic theory tho 
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equivalents of bodies become, therefore, the weight of their atoms, 
compared to the weight of the atom of hydrogen taken as unity, and 
they assume the name of atomic weights. 

The idea of atomic weights has nevertheless, as we said before, 
something more precise than that of tho equivalent. It is still a pro- 
portion, but a proportion bettor determined. Thus, let us suppose that 
an atom of oxygen acts tho same part as an atom of hydrogen ; in a 
word, that the two bodies may be substituted atom for atom ; experience 
shows that 8 parts by weight of oxygen replaco 1 of hydrogen, and we 
must conclude from this that the atom of oxygen weighs 8 times as 
much as the atom of hydrogen ; that the atomic weight of oxygen is 8. 

Now, let us admit that to replace 1 atom of oxygen requires 2 of 
hydrogen. As 1 of hydrogen is replaced by 8 of oxygen, 2 will bo 
replaced by 1(5, which will bring us to tho conclusion that the atom of 
oxygen weighs 16 times more than that of hydrogen ; that tho atomic 
weight of oxygen is 1(5. Therefore, as the atom of oxygen is substi- 
tuted cither for 1 or for 2 atoms of hydrogen, the atomic weight of tho 
first of theso bodies is 8 or 16, while tho equivalent, which only repre- 
sents a simple ponderable relation without consideration of atoms, 
always remains equal to 8. At tho same time as tho atomic weights, 
wo ought also to consider the molecular weights ; that is to say, tho 
weight s of the molecules of bodies, simple or compound, in proportion 
to that of hydrogen taken as 1. 

Compound bodies cannot have atomic weights ; they have a molecular 
weight. Simple bodies have both a molecular and an atomic weight. 
These two weights may be confounded in special cases where tho 
molecule only contains one atom. 

Ry knowing the atomic weights of all simplo bodies, and the mole- 
cular weights of theso elements, and of tho compounds which they 
form,’ we shall have much more exact ideas of the constitution of bodies 
than if we contented ourselves with the mere knowledge of equivalents. 
There are means by the aid of which we can arrive at this knowledge. 

Molecular Weights. — In the gaseous stale, all bodies, whether simplo 
ot compound, have the same co efficient of dilatation; that is to say, 
they expand equally by an equal increase of temperature : all can bo 
equally compressed under the same circumstances ; that is to say, they 
are reduced to the same fraction of their volumo by the same increase 
of pressure, everything being equal. 

The elastic force of gases is, therefore, about the same in all, and as 
it is generally allowed that gaseous molecules are in movement, and that 
the elastic force of gases results from the shock of their molecules 
against the sides of the vessels containing them, the most simplo way 
of explaining that they all have the same elastic force under the same 
conditions consists in admitting that, in equal volumes, the pressure 
and temperature being the samo, all gases contain the same number of 
molecules. This supposition is based on the law of Gay-Lussac, rela- 
tive to the combinations of gaseous substances. If gaseous bodies arc 
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formed of molecules, if the decompositions and combinations result, 
from the exchange of atoms which takes place betwcon the molecules, 
or, again, from the union of several of theso molecules into one, it is 
very evident that the number of molecules which have reacted, and 
llic number of those which arise from the reaction, ought to present, a 
simple proportion. In effect, reactions can only he produced between 
one molecule and another, or between one molecule and two others, 
and so on. Thus, if in equal volumes, and under tho same conditions 
of pressure and temperature, all gases contain the same number of 
molecules, the simple proportion which ought to exist between tlu» 
number of the reacting molecules and tho number of molecules formed 
in the reaction ought to bo equally observed between volumes of the 
gasos before and after tho reaction, which really takes place. This 
hypothesis that, for an equal volume, all gases contain the sumo 
number of molecules, first brought forward by Avogadro, and afterwards 
developed by Ampere, is best known under the name of the lat ter. 

Starting from this principle, if we compare equal volumes of chlorine 
and hydrogen, we find that the volume of chlorine weighs 35 and 
a half times more than that of hydrogen; wo therefore conclude 
that the molecule of chlorine weighs 35 and a half times more than 
the molecule of hydrogen, llut, as we shall see presently, tho 
molecule of hydrogen is composed of 2 atoms. ITenco tho atom of 
hydrogen weighs only half as much as its molecule ; and as a molecule 
of chlorine weighs 35 and a half times as much as a molecule of 
hydrogen, it will weigh 71 times as much as ail atom of tho same hotly. 
Jf wc take the weight of tho atom of hydrogen as unity in molocular 
weights, as wc have done in atomical weights, wo should, therefore, 
say that the molecular weight of chlorine is 71. 

Thus we obtain tho molecular weight of a simplo or compound body 
by taking its vapour density relative to hydrogen, and multiplying by 
2. As wo usually compare tho densities of vapours^relativcly to air, 
and as air weighs 14’ 435 times more than hydrogen, the density rela- 
tive to air must bo multiplied by 14* 435 in order to transform it into 
tlic density relative to hydrogen. Finally, in order to obtain the 
molecular weight, of a substance, the number which indicates Ibis last 
density must be doubled ; it is easier to multiply the density relative 
to air by the double of 14*435 ; that is to say, by 28*87. Thus the 
molecular weight of a substance is obtained on multiplying by 28*87, , 
its vapour density taken relative to air. 

If all bodies were volatile, nothing would bo easier than to deter- 
mine their molecular weights, but such is not tho case ; a number of 
compound bodies are decomposed before attaining tho temperature 
at which they aro transformed into vapour ; thence the necessity of a 
different method of determining molecular weights. Either those 
bodies aro capable of entering into combination with other bodies, 
or they are not. Let us take the first case, and, as an example, 
stearic acid. This acid is a fatty body, which is not. perceptibly 
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volatile, and in which a certain weight of potassium is capable of being 
substituted for an equivalent weight of hydrogen. This compound has 
very analogous properties to acetic acid, which can also undergo the 
substitution of a part of its hydrogen by potassium, and of which we 
can determine the molecular weight, as it is volatile. 

We prove by experiment that the molecular weight of acetic acid 
is 60, and that in 60 parts of this acid 1 of hydrogen can be replaced by 
39 of potassium. If we then seek the quantity of stearic acid which, on 
losing 1 of hydrogen, can combine with 30 parts of potassium, we find 
that this quantity is equal 1o 284. 

Thus 284 parts of stearic acid are the equivalent of 60 of acetic 
acid ; and, as 60 of acetic acid represent the weight of tho molecule of 
this acid, 284 ought also to represent tho weight of the molecule of 
stearic acid. 

This method only gives exact results when tho bodies compared 
have the same molecular constitution. Thus an acid like acetic acid 
could not bo compared with citric acid, or, at least, considerations of 
another order must be brought to bear in tlio comparison. 

To obtain the molecular weight of a substance non- volatile, but 
capable of combining with other bodies, it suffices to determine what 
is the quantity of this substance which equals the known mole- . 
cular weight of a volatile body of the same constitution. This quantity 
represents the weight of its molecule. 

Lastly, if tho non-volatile substance is incapable of entering into 
combination, it is submitted to the action of reagents which decompose 
it. Wo then obtain new compounds, of which the molecular weight 
can bo determined by one of the preceding methods. Then we seek to 
trace back from the molecular weight of these latter compounds to that 
of tho primitive body, by taking as its molecular weight that number 
which permits the reaction to be expressed in tho most simple manner. 
This proceeding gives less certain results than the preceding ones, to 
which wc always recur in preference when we are able. 

If wo take as unity for the volume of gases the volume of that 
quantity of hydrogen of which the weight corresponds to our unit of 
weight, it is clear from the preceding that the weight of the samo 
volume of any simple or compound body whatsoever, considered at 
the gaseous state, will represent its vapour density relative to 
hydrogen, and consequently the half of its molecular weight. To 
obtain the molecular weight of a body, therefore, it is sufficient to 
multiply by 2 the weight of a volume of its vapour, or, what is the 
same thing, tho molecular weight of a body will be equal to tlie weight 
of two volumes of its vapour. Wc express this fact when we say that 
all bodies have a molecular weight which corresponds to 2 volumes of 
their vapour. 

It is evident, that, if we took as unity a volume half tho size of the 
preceding, the molecular weights of all bodies would correspond to 
4 volumes of vapour. s 
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Most modern chemists, to avoid complication, us*' the number 2; 
but older writers employed the number 4, and some elementary authors 
use it at the present time. 

Formerly the theory of Ampere was not the principle used to deter- 
mine molecular weights. 

Many of these weights were incorrectly known, and were stated 
in treatises on chemistry at half of their proper amount. At that 
time there wore bodies of which the molecular weight was supposed 
to correspond to 2 volumes, and others to 4. It is to ( ierlianlt that 
the honour of having brought into use the theory of Ampere belongs, 
as he showed that all molecular weights ought to correspond to the 
same gaseous volume, 2 or 4 volumes, according to the unit adopted. 

There are nevertheless compound bodies, such as hydrated sul- 
phuric acid and hydrorhlorate of ammonia, which seem to prove excep- 
tions to this law; their molecular weight nevertheless can in no way 
be divided : this could only be done by dividing at the same time 
the atomic weight of the simple bodies which constitute them, and 
these atomic weights are too surely established for it to be. possible 
to modify them ; nevertheless the vapour density of these compounds 
is such that their molecular weight corresponds to I or tf, and not to 
2 or 4 volumes of vapour.* 

To explain this anomaly, many chemists have, thought that in the 
cases in question there is disunion : in other words, they suppose that, 
under the influence of boat, ihe bodies which present anomalous 
vapour densities decompose into two others, each occupying the volume 
which the primitive body would have occupied if it had not 1-cen de- 
composed, that is to say, 2 volumes. 'Flic two bodies united, therefore, 
occupy, according totliis hypothesis, a volume the double of that there 
would be reason to expect if the compound, the vapour density of 
which we determine, did not decompose; and if the two bodies sepa- 
rated by heat arc able to again unite on cooling, the experimenter 
will perceive nothing and believe that lie has found an anomalous 
density. 

As an example, I. will take the case of chloride of ammonium, as it. 
is really on it that all the discussion turns; and when the question is 
settled for it, it will he for all that resemble it. When we heat a 
molecule of chloride of ammonium f a compound of chlorine hydrogen, 
•and nitrogen J it decomposes into a molecule of hydrochloric acid 
(a compound of chlorine and hydrogen ) and a molecule of gaseous 
ammonia (a compound of hydrogen and nitrogen;. The number of 
molecules becoming double, the volume occupied by the vapour might 
also to double. Then when the mixture of hydrochloric acid and 
gaseous ammonia becomes cold, the two bodies would again enh-r int" 
combination, and the two molecules would reunite into one. If this 

* 4 or 8, 2 or 4, represent the sann; thing, because of th** difh-p-nt units the 
volume adopted. These differences oblige us always to employ two numU rs insteud 
of one, of which the one is the double of the other : instead yf saying 2, we *ny 2 or 4. 
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were the case, the bodies which present anomalous densities would 
simply be bodies which would not volatilize without decomposition. 
This theory was at once attacked by M. Dcville, who remarked that 
gaseous ammonia decomposed when heated alone, at the temperature at 
which the vapour density of the chloride of ammonium had been deter- 
mined. Then, said he, if when the chloride of ammonium be vaporized 
this salt becomes decomposed, ihe gaseous ammonia arising from the 
disunion would decompose in its turn into hydrogen and nitrogen, and 
the chloride of ammonium would not bo re-formed on cooling. This 
salt would not ho produced when placed in contact with nitrogen, 
hydrogen, and hydrochloric acid. M. Wurlz replied to this objection 
that, in a multitude of cases, compounds which, alone, arc instable, 
acquire stability in presence of other bodies with which, nevertheless, 
they do not enter into combination. lie thonce concluded that, pro- 
bably, if gaseous ammonia does not decompose when the vapour density 
of chloride of ammonium is taken, it is owing to tho fact that the 
hydrochloric acid with which it is mixed gives it stability, though not 
combined with it. Shortly after this M. Pebal, with the help of a very 
elegant apparatus, proved that the vapour of chloride of ammonium 
contains freo gaseous ammonia. The question seemed to he decided in 
favour of the disunion, but, nevertheless, such was not the case- 
id. Devillo demonstrated that a body may beoomo partially separated 
before being at the temperature where it decomposes completely, and 
that this separation, though it may be made evident by appropriate 
means, may, nevertheless, be so slight as to have no influence on tho 
results of the determination of a vapour density. Thus the question 
was still undecided. To settle it M. Dcville performed a veiy ingo- 
nious experiment. He made gaseous hydrochloric acid and ammonia 
gas to pass into a glass globe heated by the vapour of mercury, that is 
tf) say, to 350°, a temperature at which the density of tho chloride 
of ammonium corresponds to 4 volumes. The two gases before meeting 
had circulated in spiral tubes placed in the mercurial vapour, and 
possessed, in consequence, exactly the temperature of 350°. In these 
conditions their meeting produced a disengagement of heat. 

M. Dcville believed he was able to deduce from this experiment that 
at 350° chloride of ammonium does not decompose. A body not being 
able to form under conditions where it is destroyed, if this salt became 
decomposed at 3.50°, it would not form at that temperature ; the gaseous 
ammonia and hydrochloric acid would not combine under these con- 
ditions, and, consequently, no disengagement of boat would take place. 
As, in fact, heat is disengaged, we are obliged to admit that the two 
gases are combined at 350°, which proves that the compound they 
form is not decomposed at this temporature. 

The argument seemed conclusive, and for a little time was believed 
to be decisive; it seemed no longer possible to sustain tho theory of 
separation; but M. Lieben, in a very lucid and interesting communi- 
cation to ihe Societc Chimique of Paris, again reopened the question. 
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M. Liebon demonstrated by a number of examples that when a decom- 
position lakes place by heat, and the products of this decomposition 
are not removed as they form, the decomposition is never complete ; 
there always remains a small quantity of the original substance uudecom- 
posed, which produces a kind of molecular equilibrium. 

Ho then said that if the experiment be reversed, if, inst ead of decom- 
posing a body, the products of such decomposition be brought into 
contact at the same temperature, the equilibrium produced would still 
be the same, for it would bo absurd to suppose that two different equi- 
libriums can exist, in identical conditions. The greatest part of the 
bodies brought into contact would therefore remain free, but a very 
small fraction of tlieir masses would enter into combination with dis- 
engagement of heat. 

By applying these arguments to M. Deville’s experiment, it may he 
said, according to M. Lichen, that the greatest part, of fho two gases 
remain separated in this experiment, and that tlio portion of chloride 
of ammonium formed is so small as not to influonco tlio vapour density. 

It is true that the contrary may also be said, and that between these 
two views it is impossible to decide a priori ; hut M. Lichen's explana- 
tion proves that it is not sufficient to resolve the question to demon- 
strate that the meeting of gaseous ammonia and hydrochloric acid 
at .‘). r )CT produces a disengagement of heat; this disengagement, must, 
also be measured. M. Lichen has therefore established that M . 1 )evi)Je’s 
experiment proves nothing for or against the theory of separation, and 
that., until a stricter demonstration to the contrary occurs, this hypo- 
thesis may still he admitted to explain the anomalous vapour densities. 
Finally, M. Wurtz’s recent works on liydrochlorate of amyleno [a com- 
pound of hydrochloric acid and amyleno (carbon and hydrogen )j, and 
on hydrohromato of amyleno [composed of amyleno and hydrobruniic 
acid (bromine and hydrogen)] (see pMiulo-alcoholH), have given a clear 
confirmation of M. Lichen’s theory. 

When the vapour density of these bodies is determined at. a suffi- 
ciently low temperature, these densities correspond to two volumes 
according to Ampere’s law, and they are, moreover, normal, because 
they remain constant between sufficiently extended limits of tempera- 
ture ; 94° — 194° for liydrochlorate of amyleno. 

On Iho contrary, when a certain temperature is exceeded, these 
bodies begin to separate, the liydrochlorate into hydrochloric acid and 
amyleno, the hydrohromato into amyleno and hydrohromic acid; their 
vapour density then becomes less, and a time arrives when the separa- 
tion being about complete, the density observed seems to correspond to 
4 volumes. On cooling, the separated elements again unite, but, 
nevertheless, traces of uncombined hydrochloric or hydrohromic gas 
arc found after the experiment, showing the temporary decomposition 
which the hydrochlorate or hydrohromato lias undergone. If, during 
the cooling, the amyleno does not again wholly combine with the •acid 
set free at a high temperature, it is because these bodies, when cold, 
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have not sufficient affinity to become entirely saturated, as took place 
with the elements of chloride of ammonium. 

Finally, M. Wurtz has recently shown that heat is disengaged when 
a current of amylene and a current of hydrobroinic acid are passed 
into a globe which is heated to a temperature at which the hydrobro- 
matc of amylene, without being completely separated, has, notwith- 
standing, a considerable tendency to separation. 

These beautiful experiments of M. AVurtz show the true interpreta- 
tion which ought to be given to M. Dcville’s works, and decide the 
question in favour of Ampere's hypothesis. AVhatever the theory may 
be, it is nevertheless true that, in practice, errors would he committed 
by trusting exclusively to vapour densities in order to determine 
molecular weights. Whether or not it is due to separation, these 
densities may lead us into error, and proper means are necessary to 
enable us to verify the molecular weights with which they furnish us. 

There is a compound of hydrogen and carbon (marsh gas) which has 
such a density that its molecular weight, deduced from this density, is 
equal to 1(5; is this weight exact,? 

Analysis shows us that marsh gas contains ;{ of its weight of carbon 
and -J- of hydrogen; if, therefore, its molecular weight be 10, this 
weight is formed of 1 2 parts of carbon corresponding to 1 or more 
atoms of this body,* and of 4 parts of hydrogen equalling 4 atoms, as 
the atom of hydrogen weighs 1 . 

An atom being a mass indivisible by chemical agents, the smallest 
quantity of hydrogen which, in the compound in question, can be re- 
placed by another body is equal to 1, that is to say, to tlio fourth part 
of the hydrogen contained in the substance : if therefore the molecular 
weight of marsh gas is in reality 16, for J, or for or forj, or for of 
the hydrogen, another simple body could be substituted. 

It, oil the contrary, the molecular weights of marsh gas were only 8, 
this gas would be composed of 6 of carbon and 2 of hydrogen. I lien only 
the half or the* whole of this latter element could be replaced by another ; 
never the fourth part. Finally, if the molecular weight were 62, there 
would bo 8 oidiydrogcn, and t) is metalloid could be replaced by eighths. 

In marsh gas hydrogen can be replaced by fourths, and only by 
fourths ; its molecular weight deduced from its vapour density is therefore 
correct. J o recapitulate, the vapour densities in most cases give the 
molecular weights correctly ; but as there exist several exceptions we 
must always check the results deduced by the system of substitutions. 

Atomic Weights. — Two methods are used for the determination of 
atomic weights. One is founded on tlio fact that atoms represent the 
smallest quantity of a body that can enter into reaction ; the other is 
based upon specific heats. These two methods are both indispensable, 
because they cannot always be employed indiscriminately. When they 
can both be employed they are a mutual help in checking each other. 

* C I say owe or more, because 1 do not suppose the atomic weight of carbon to be 
known. 
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First Mkxhod. — To determine tlie atomic weight of a simple body, 
we must first know its molecular weight in a free state and that of all 
the compounds, or at least the greater number of compounds, which it 
forms; and wo must also know the quantitative composition of theso 
lat ter. Wo then take, as the weight of the atom, the greatest number 
which divides exactly the weights of the body contained either in its 
free molecule or in that of its different compounds. A molecule can 
only contain a number of entiro atoms, because these are indivisible ; 
and the weight of any number of atoms is necessarily always capable of 
being divided by that of one atom. An example is necessary to under- 
stand clearly the preceding, and as wo wish to justify the assertion wo 
made relative to hydrogen — that its molecule contains two atoms — we 
will commence by determining the atomic weight of this element. 

On comparing the weights of equal volumes of free hydrogen, hydro- 
chloric acid, hydrobromic, liydrindic, hydrocyanic, hydro sulphuric, 
hydrosol enie, and liydrotell uric acids, ammonia, pliospliorett edhydrogen, 
arson i ure l ted hydrogen, ethylene, propionic acid; vapours of alcohol, 
ether, acetic acid, formic acid and water; we find for the molecules of 
these different bodies weights which, compared to that of the molecule 
of hydrogen taken as unity (and not to that of the atom which we suppose 
to bo as yet unknown), are as follows : 


Namics ok Bonnes. 

Weight or 
tli«-ir Mole- 
cules, hikin'* 
i lit* Molecule 
ol ll- J. 

ijimii 

quantity nf 
11 col it all it >il 
in the Mole- 
cule. 

titulivc composition of the Molecule. 

i 

quantities of other Bodies contained. 

Hydrogen (free) . 

1 

1 


Hydrochloric ucid 

IS “25 

i 

17*75 of chlorine. 

Hydrobromic acid . . 

40-50 

i 

40 of bromine. 

Ilydriodic ucid . 

04 

i 

03*5 of iodine. 

Hydrocyanic ucid 

m*r> 

•l 

13 ofenrhouand nitrogen (united). 

Water 

9 

1 

S of oxygen. 

Ilydrosulphuric acid. 

1 17 

1 

10 of sulphur. 

Hydrosclenic acid 

40*75 

1 

39*75 of .selenium. 

Hydrotollurio acid . . 

i G5*5 

1 

04 ‘5 of tellurium. 

Formic acid .... 

1 29 

1 

2*2 of carbon and oxygen (united ). 

Ammonia 

8*5 


7 of nitrogen. 

Phospkoretted hydrogen. 

i 17 


1 5 * 5 of pi tosp Homs. 

Arscniuretted hydrogen . 

! 39 

1* 

37 ' 5 of arsenic. 

Acetic acid .... 

30 

2 

28 of carbon ami oxygen (united). 

Ethylene 

14 

2 

12 of carbon. 

Propionic acid . . . 

| 37 

3 

34 ofcarUm and oxygen (united). 

Alcohol ^ . 

! 31 

1 3 

28 of curhon and oxygen (united). 

Ether 

i 37 

1 

! 5 

32 of carbon and oxygen (united > 


# We see, on examining this table, that the greatest common divisor of 
the numbers 1, -■}, 2, 3, 5, which express the weights of hydrogen 
contained in the molecules of tho different bodies examined, is ^ ; £ 
represents therefore tho weight of the atom of this body. AM the 
weights used in this table have reference to the molecule of hydrogen; 
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to say that hydrogen has an atom which weighs £ is to say that its 
atom weighs only half as much as its molecule. 

If we tako as unity the weight of this atom instead of the molecule, 
this latter becomes equal to 2, and all the numbers which appear in the 
preceding table will bo doubled. It will then take the following form : 


Names ok Codies. 

Molecular 
Weights 
taken rela- 
tively to the 
atom of 
Hydrogen. 

Quantitative composition of the Molecule. 

Quantity of 

In the Mole- Q uantlties of othfir contained, 

cult*. 

Hydrogen (free) 

2 

* 2 


Hydrochloric acid . . 

30-5 

1 

35 ■ 5 of chlorine. 

Hydrobromie acid . 

SI 

1 

80 of bromine. 

Hydriodic acid .... 

128 

1 

127 of iodine. 

Hydrocyanic acid . 

27 

1 

20 of cyanogen. 

Water 

18 

2 

10 ol oxygen. 

Hydrosulphuric acid . . 

84 

2 

32 of sulphur. 

Hydrosclcnic acid . . . 

81*50 

2 

79*50 of selenium. 

llydrotell uric acid . . . 

131 

2 

129 of tellurium. 

Formic acid 

40 

2 

44 of carbon and oxygen. 

Ammonia 

17 

3 

14 of nitrogen. 

Phosphorcttcd hydrogen . 

31 

3 

31 of phosphorus. 

Arson in retted hydrogen . 

: 78 

3 

75 of arsenic. 

Acetic acid 

00 

4 

50 of carbon and oxygen. 

Ethylene 

! 28 

4 

24 of carbon. 

Propionic ncid . 1 

74 

1 0 

08 of carbon and oxygen. 

Alcohol 

02 

0 

50 of carbon and oxygen. 

Ether 

74 

10 

0-1 of carbon and oxygon. 


Now that wo have established our theory that a molecule of hydrogen 
is composed of two atoms, wo will seek by the same process to deter- 
mine the atomic weight of nitrogen ; but according to custom webring 
all tho molecular weights to the weight of the atom of hydrogen, not 
to that of its molecule. 

For this purpose we will, as before, examine the molecular weights 
and the composition of the different volatile compounds of nitrogen, 
such as protoxide and binoxido of nitrogen, hyponitric and hydrated 
and anhydrous nitric acids, and ammonia ; we can thus form tho 
following table : 


' 

Names ok Bodies. 

Molecular J 

Weights | Amount of 
taken re la- Nitrogen 
lively io [ continued 
the atom of| in the 
Hydrogen Body. 

- 1 - ! 

Amount of other Bodies. 

Protoxide of nitrogen . 

i 

44 I 

28 

1G of oxygen. 

Binoxido of nitrogen . . 

30 j 

14 

10 of oxygen. 

Hyponitric acid .... 

4(J 

14 

32 of oxygen. 

Hydrated nitric ncid • . 

G3 

14 

49 of oxygen and hydrogen united. 

Anhydrous nitric acid . . 

108 ! 

28 

! 80 of oxygen. 

Arrmonia 

17 

14 

3 of hydrogen. 

Nitrogen 

28 

28 

' 
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We see that nitrogen enters into tho molecule of the different bodies 
which appear in this table for a weight equal sometimes to 14, some- 
times to 28. Fourteen being the greatest common divisor of these 
numbors, will represent tho atomic weight of nitrogen. To falsify this 
conclusion it would be necessary to discover a new compound of nitrogen 
into tho molecule of which would enter a quantity of this metalloid 
equal to a divisor of 14. 

Second Method. — Wo owe this method to Dulong and Tet.it, who, 
knowing already the atomic weights of many bodies, saw that, to 
elevate 1 degree of heat, weights of different simple bodies proportional 
to their atomic weights, always required the same quantity of heat. 
Thus to elevate 1 degree 23 grammes of sodium, 32 grammes of sulphur, 
1 18 grammes of tin, 31 grammes of phosphorus, etc., required the samo 
quantity of heat — a quantity which we will represent provisionally by 
the letter P. 

As we know that specific heat, or capacity for heat, is the quantity 
of heat necessary to elevate 1 degree the unity of weight of a body, let 
us sec what is the specific heat of 4 elements, representing it by T. 

P elevates 1 degree 23 grammes of sodium; thus it. is evident that 
to elevate equally 1 degree 1 gramme, that is to say 2,3 times less of 
this clement, 23 times less beat would be required, that is to say 
P P 

; — therefore represents the capacity of sodium for heat. 

23 23 

P 1> 

Wo find that the capacity for heat of sulphur is that of tin 
P 

that of phosphorus — . 

31 


Thus we see that the specific heats decrease as the atomic weights 
augment, and that in the samo proportion : if the atomic weights be 1, 
2, 4, 8, 1(3, etc., the specific heats will be £, J, *, ^ etc. 

Arithmetic teaches us that if tho two factors of a multiplication 
undergo such modifications that one of them becomes 2, 3, 4, 3 times 
less, while the other becomes 2, 3, 4, 5 times more, the product is un- 
changed. We ought therefore always to obtain the same number when 
we multiply the specific heat of different bodies (which we find by the 
help of physical means) by the atomic weights of tliesg same bodies. 
Thus the product of the atomic weight of sodium multiplied by its 
P X 23 

specific heat will be — ■ - — = P. The product of tho atomic weight 
23 

P X 32 

of sulphur by its specific heat will be — = P. 


The constant number P has been determined numerically to be 6 • (>(33. 
^f we wish to know tho atomic weight of a simple body ; to determine 
its specific heat, let G be this heat, and x its unknown atomic weight, 
we have : 


(3 * 666 

0 x x = 6 ■ 666 ; thence wo take x = — jj—- 
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Thus we find the atomic weight by dividing the number 6 • 666 by 
the specific heat, the result of experience. 

Dulong and Petit have expressed this law by saying that specific 
heats are inversely proportional to atomic weights. 

In order to employ this method, the bodies must bo in the same 
state when their specific heat is determined. Thus the specific heat 
of gases could not serve to determine their atomic weight ; but in this 
case wc arrive at the result sought for by a complicated method. 

M. Vcostyn has shown that in compound bodies each atom retains its 
specific heat. Tf a compound body contains in its molecule 2, 3, or 4 
simple atoms, the product of its specific heat by its molecular weight 
will be 2, 3, or 4 times the constant number 6*666. 

If therefore wc wish to ascertain the atomic weight of a gas, we 
engage it in a combination which can take the solid state, and of which 
we determine the specific heat ; we multiply the number which repre- 
sents this capacity for heat by the molecular weight of the compound, 
and by dividing the product by 6*666, we have for quotient the 
number of atoms which constitute the moleculo. The analysis of the 
compound being made, and the atomic weight of one of its constituent 
elements being known, the atomic weight of tho other is naturally 
deduced. 

For example, if we wish to find by this means the atomic weight of 
oxygen, we combine it with hydrogen, and determine the specific heat 
of the water formed, or, rather, we know that it is equal to 1, because 
the specific beat of water has been taken as unity of specific heat. On 
the other hand, we determine the molecular weight of the water, and 
find it equal to 18. 

Now, as 18 contains 3 times 6, wc thence conclude that the water 
contains 3 atoms ; and the analysis of the water being made, we find 
that 18 of water contain 16 of oxygen and 2 of hydrogen. 

We know already that the weight of tho atom of hydrogen is 1, and 
thence wo. conclude that the atom of oxygen weighs 16. If it weighed 
less than 16, there would be more than 1 in the moleculo of water, and 
as this already contains 2 atoms of hydrogen, it would contain more 
than 3 atoms, which would bo in contradiction to the deduced conclu- 
sions of the capacity of water for heat. 

Wc have seen that instead of dividing 1 8 by 6*666, we only divided 
it by C, because the number P is not absolutely constant, but varies 
betwoen 6 and 7 ; in taking 6*666, wo only took a mean, and this in no 
way invalidates the law nor the results deduced from it. 

Tho specific heats are only approximately determined, because we 
cannot know the quantity of heat which a body absorbs to dilate at tho 
same time that it bocomes heated, a quantity which is in addition to 
the specific heat and falsifies the results; but this slight discrepancy 
between thoory and experiment has no inconvenience; it tends, it is 
true, to give to atomic weights a little inexactness ; but, fortunately, 
the approximation is near enough to allow 'the analysis of compounds 
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into which the bodies enter whose atomic weights we seek, to determine 
completely these latter. 

To ascertain the atomic weight of silver, wo divide the number G*66G 

by its specific heat 0*05701, and we thus obtain = 117 ; if, on 

the other side, we combine silver with chlorine and analyse the chlo- 
ride of silver, we find that for 35*5 of chlorine this compound contains 
108 of silver. 

As 35*5 represents the weight of an atom of chlorine, wo consider it 
as combined with 1, 2, 3, 4, etc., atoms of silver; and according to 
these different hypotheses, the atomic weight of silver will bo 1 08, 54, 
27, etc. 

Or we can suppose in chloride of silver a single atom of silver for 
2, 3, 4, 5, etc., atoms of chlorine, so that the quantity of silver combined 
with 35*5 of chlorino will only represent the half, the quarter, the 
fifth, etc., of the weight of iis atom. Under these different hypotheses, 
the atomic weight of silver would bo 21 G, 324, 432, 540, etc. We can 
still take other hypotheses ; but whatever they may be, they all give 
for the atomic weight of silver numbers which are considerably distant 
from the number 117 found by specific heat. Only one supposition 
gives a valuo which at all accords with this number ; it is that from 
which wc deduce the atomic weight 108; 108 ought therefore to bo 
considered as the true atomic weight of silver * 

We shall now state the atomic weights of the different simple bodies. 
As wo have already remarked, these weights are not to bo confounded 
with the old equivalents of which they often represent the multiples, 
hut with which they have sometimes less simplo relations ; it is neces- 
sary also to place them in juxtaposition with these old equivalents, as 
elementary works still employ the latter. We give a table of four 
columns, of which the first contains the names of the elementary 
bodies ; the second, the symbols by which they are ordinarily repre- 
sented ; the third, their atomic weights ; and tho fourth, their equi- 
valents. 

In this table we have marked with an asterisk tho bodies which are 
of so little importance and so little known that they do not require a 
detailed description. • 

* Three bodies, boron , silicon, and carbon , have atomic weights which do not cor- 
respond to those deduced from their specific heats. But these three bodies assume 
different allotropic states in each of wliich their specific heat varies. This exception, 
does not disprove tho law. 
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NaMKS OF THE ElKMKNTH. 

Symbols 
which repre- 
sent them. 

Atomic 

Weights. 

Equivalents. 

Hydrogen . . 



H 

1 

1 

Chlorine . . 



Cl 

35-5 

35-5 

Bromine . . 



Br 

80 

80 

Iodine . . . 



i 

127 

127 

Fluorine 



F 

19 

10 

Oxygen . . . 



O 

1G 

8 

Sulphur. . . 



S 

32 

10 

Selenium . . 



So 

70-50 

30*75 

Tellurium . . 



Te 

129 

64-5 

Boron . 



B 

11 

11 

Carbon . 



0 

12 

G 

Silicon . 



Si 

28 

21 

Girconium* 



Or 

80*6 

33 -C 

Tui .... 



Sn 

118 

50 

Titanium*. . 



Ti 

50 

25 

Thoiiuum* . 



Th 

231-5 

57-87 

Nitrogen 



N 

14 

14 

Phosphorus. . 



P 

31 

31 

Arsenic . 



As 

75 

75 

Antimony . 



Sb 

122 

122 or 01 

Bismuth 



Bi 

210 

155 

Potassium . 



K 

39 

39 

Sodium . 



Na 

23 

23 

Lithium* . . 



Li 

7 

7 

Cicsium* . . 



Cs 

133-03G 

133-036 

Rubidium* . . 



Kb 

85 -3G 

85-36 

Thallium . . 


• 

Thu 

204 

204 

Silver . . . 



: Ag | 

108 

108 

Barium . . . 



i Ba 

137 

68*5 

Strontium . . 



Sr 

87-5 

48-75 

Calcium. . 



; Ca 

40 

20 

Magnesium. 


. i 

Mg 

24 

12 

Glucinium* 



(31 

14 

7 

Yttrium. . . 



Yt 

04*30 

32-18 

Erbium* 



Erb 

Unknown. 

! Unknown. 

Terbium* . . 



Ter 

Unknown. , 

i Unknown. 

Cerium* 



Co 

02 

40 

Lanthanum* . 



La 

02-8 

40-4 

Didymium* 



l)i 

9G 

48 

Lend 



Pb 

207 

103*5 

Mercury 



Hg 

200 

100 

Copper . 



Cu 

63 

81-5 

Zinc . ' . . . 



Zn 

G5 

32-5 

Cadmium . . 



Cd 

112 

50 

Nickel * . . . 



Ni 

50 

29-5 

ColwJt . 



Co 

50 

29-5 

Chromium . . 



Or 

53-5 

20-75 

Manganese . . 



Mn 

55 

27-5 

Iron . . . 



Fe 

5G 

28 

Molylxlenuui . 


! 

Mo 

90 

48 

Tungsten . . 


. 

W 

184 

92 

Vanadium . . 



V 

08 -5 

08-5 

Uranium* . 



u 

120 

00 

Aluminum . . 



A1 

27-5 

13-75 

Niobium* . 



Nb 

94 

t 

Pelopium* . . 



Pe I 

Unknown. 

Unknown. 

Tantalum* . . 



Ta i 

230 

92f 


t The atomic weights of tantalum and niobium havo just now been modified by 
M. Marignuc. 
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Namks of tiir Elhments. 

Symbols 
which repre- 
sent them. 

Atomic 

Weights. 

Equivalents. 

Gold 

Au 

196-5 

08-25 

Platinum .... 

Pt 

11)7 

OS *5 

Osmium* .... 

Os 

11)7 

08*5 

Iridium* .... 

Ir 

107 

08-5 

Rhodium* .... 

Rh 

101 

52 

Palladium*. 

1M 

1W5-5 

50-25 

Ruthenium* . . . 

Ru 

104 

52 

Indium* .... 

In 

Unknown. 

35-910 


NOTATION, FORMULAS, AND CHEMICAL EQUATIONS. 

Chemical notation has for its object the representation of all known 
bodies by abridged formulas, which indicate at once their molecular 
weight, their qualitative and their quantitative composition; they 
enable tho signification of the different reactions to be moro readily 
comprehended. 

To construct these formulas a symbol is used which represents the 
atom (not the molecule) of each simple body ; these are the symbols 
which we have placed on the preceding table. These symbols are usually 
obtained by taking the first letter of the name of the body ; thus O for 
oxygen, S for sulphur, ctc.f When there are several bodies whoso 
names commence with the same letter, tho first letter is reserved to 
designate the oldest known amongst them, and for the symbols of the 
others the first two letters of their names are nsed. Thus sulphur, 
selenium, strontium, silicon, all commence with 8; 8 signifies sulphur, 
while we take 8i for silicon, Se for selenium, and SYfor strontium. 

Thorc arc, nevertheless, several exceptions to this rule : sometimes, 
instead of tho first two letters, wo take the first and one of those in the 
body of tho word. Thus, arsenic is As, stannum (tin) Sn, stibium 
(antimony) Sb, hydrargyrum (mercury) llg. 

Several symbols are taken from the Latin, as tho last three ; some 
aro from tho German. Tho symbol of tungsten is W, from tho Ger- 
man Wolfram. 

All simple bodies being indicated by a symbol, nothing is easier than 
to represent a compound molecule. We havo merely to write the 
symbols of the different constituent elements side by side, and to place 
above oach an exponent figure which indicates the number of its atoms 
present. This exponent is dispensed with when tho atom is single ; 

t gome symbols are employed barred, to indicate! that they are taken v/itb the 
value they have in atomic notation, and merely to avoid the confusion which might 
arise, as several authors still use the notation of equivalents. 1 

1 As, however, the latter notation is Incoming disused, 1 have not thought it necessary to continue the 
use of the bars, a fee Preface.— (Tr.) 
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thus SO 8 represents a compound molecule formed of 1 atom of 
sulphur and 3 atoms of oxygen. 

In writing by symbols it has been agreed to place first, that one 
of the different components which is the most electro-posifive ; but 
this rule is only followed exactly when there are not more than two 
elements present. 

It is clear that the formulas of which we speak represent tho quali- 
tative composition of bodies ; it is also clear that they represent their 
molecular weight. A molecule can have no other weight than tho sum 
of the weight of the atoms forming it ; therefore, in order to know how 
much it weighs, wo have onty to multiply the atomic weight of each 
element by its exponent and to add the products. Thus, glycerine 
having as its formula C 3 11 H 0 3 , its molecular weight will bo equal 

to the weight of 3 atoms of carbon . . 3x12 = 36 

+ the weight of 8 atoms of hydrogen . 8 x 1=8 

+ the weight of 3 .atoms of oxygen . . 3 x 1 0 = 48 

Total 1)2 

Those formulas also represent tho centesimal composition of bodies. 
Knowing tlie quantity of the different elements contained in a certain 
weight of tlic compound which is that of its molecule, the knowledge 
of its centesimal composition is arrived at by simple proportion. 

For example, to find the centesimal composition of acetic acid 
C 2 H 4 0 2 , we should first deduce from this formula that tho molecule of 
this acid weighs 60, and contains 2 atoms = 24 of carbon, 4 atoms = 
4 of hydrogen, and 2 atoms, or 32 of oxygen. 

Then wo place the three proportions — 

1st. — 60 : 24 : : 100 : x , therefore x — ~ lf)0 = = 40 

2nd. —60 : 4 :: 100 : a?, therefore a? = 4 * 100 = 4 x 10 = 6*666 

3rd.— 60 : 32 : : 100 : x, therefore a; = 32 * 100 = - 53.333 

Now wc understand how by the help of a formula we can know tbe 
quantitative and qualitative composition, and tho molecular weight 
ot the compound which it represents. It remains for us to see, how a 
body being given, we can establish tho formula : this is the other side 
of the problem. 

To establish the formula of a compound body, w© fii-st seek by 
analysis what is its centesimal composition ; then we determine its 
molecular weight. By a scries of projjor lions wc then seok the com- 
position of a weight of this substance which we have agreed to re- 
present as the weight of its molecule. Then we divide the quantities 
of its dilferoTit elements by their atomic weights ; the quotient shows 
how many atoms of each it contains. It then suffices to write side by 
side, commencing with tho most electro-positive, the symbols which 
express tho different atoms, and to phicc above these symbols an expo- 
nent which indicates the numbers of these atoms. 
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Let ns apply this rule to a particular example : to establish Ihe 
formula of propionic acid. Wc analyze this acid, and see that it contains 
in a hundred parts 48*048 of carbon, 43*243 of oxygen, and 8-108 of 
hydrogen (these figures added give 09*090, say 100). 

Then wo Will seek its molecular weight, which wo find equal to 74. 

This done, we place the three proportions — 

1st. — 100 : 48*048 : : 74 : x , therefore x = 35*999, say 30 

2nd. — 100 : 48 ‘243 :: 74 : x, therefore x = 31*999, say 32 

3rd. — 100 : 8*108 : : 74 : x, therefore x = 5*999, say 0 

Thus a molecule of propionic acid weighs 74, and contains 3G of 

carbon, C of hydrogen, and 32 of oxygen. The atom of carbon weigh- 
ing 12, wo shall have tlxo number of atoms of this body contained in 
the molecule of propionic acid on dividing by 12 the weight which 
it contains; that is to say, 30 ; and as JJ- — 3, wc conclude that it con- 
tains 3 atoms of carbon. 

Also, the atom of oxygen weighing 10, wo will divide by 10 the 
weight of oxygon which tho molecule contains : -}§■ = 2, propionic acid 
thus contains 2 atoms of oxygen. 

Lastly, tho atom of hydrogen weighs 1, and as there are 0 of hydro- 
gen, we conclude that propionic acid contains 0 atoms of this element, 
as f = G. 

The formula of propionic acid will, therefore, be C 3 ri 6 0 2 . 

Sometimes it is necessary to indicate that a certain number of mole- 
cules of the same body take part in a reaction. Then we place to the 
left of the formula a coefficient indicating this number. It is thus that 
to express 3 molecules of propionic acid we write 30 3 Jl r, 0 a . 

Thus, to understand reactions precisely, it is usual to represent them 
by equations. In these equations the first member contains tho 
formulas of the different bodies which enter into the reaction, preceded 
by tho coefficient which indicated how many molecules arc present; 
and the second member, which is separated from the first by tho sign 
= , contains the formulas of the products which are formed after the 
reaction. As nothing is lost in chemical actions, it is clear that the 
second member of the equation ought to contain exactly all the atoms 
which existed in the first, differently grouped. 

For example, take tho reaction which occurs in the formation 
of chloride of potassium KOI from hydrochloric acid II Cl, and 
potash KHO. 

KHO + HC1 = KOI + IPO 

Potash. Hydrochloric Chloride of Water, 
acid. potassium. 

The atom of potassium, the two atoms of hydrogen, tho atom of 
oxygpn, and tho atom of chlorine which form the first member, re- 
appear in the second, only they are grouped differently. 
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RADICLES, ATOMICITY OF RADICLES. 

In chemistry, under the name of radicle, is designated each atom or 
group of atoms, capable cither of being transferred from one compound 
to another by means of double decomposition, or of existing in a free 
state and entering directly into combination. If the radicle is con- 
stituted of a simple atom it is willed a simple radicle ; if it is consti- 
tuted by groups of atoms it is called a compound radicle. In short , 
the term simple radicle is synonymous with atom, and the term com- 
pound radicle indicates a group of atoms acting the same part as a 
simple atom. The following formulas enable us to get a clear idea of 
what is meant by radicles : 



Hydrochloric Hydrate Chloride Waiter, 

acid. of potash. of potassium. 

The atoms IT, Cl, and K, are simple radicles, because each only 
contains one atom, and can bo transferred from one compound to 
another by means of double decomposition. But the residue 110 of the 
molecule of potash being likewise transferred in the same manner, ought 
to he called a compound radicle, though it is not. capable of isolation. 
The following example shows a compound rad iele capable of isolation : 

CTT 4 + 201 = o 2 n 4 ci 2 

Elliyluuc. Chlorine. Chloride of ethyl. 

As etlijdenc is capable of combining directly with chlorine, like 
simple bodies, it ought to be considered a compound radicle. 

The first property to be regarded in a simple or compound radicle 
is its capacity for saturation. 

AYe will first consider it; in simple radicles ; and, to avoid confusion, 
we will use the word atom. Wo have seen that the equivalent of 
oxygen, that is to say, the ponderable quantity of this body which is 
substituted for 1 of hydrogen, or which combines with it, is equal to 
8, and that the atom of oxygen weighs 10, that of hydrogen weighing 1 ; 
that, is to say, that 1 atom of oxygen can take the plaeo of, or can com- 
bine with, 2 atoms of hydrogen. 

Wo have also seen that the equivalent of chlorine, like its atomic 
weight, is 35*5, which shows us that the atom of chlorine only com- 
bines with, or is only substituted for, a single atom of hydrogen. 

From tho preceding facts, we deduce that an atom of chlorine 
requires only half as much hydrogen to saturate it as docs an atom of 
oxygen; and to explain this, we will say that chlorine is monatomic, 
sAid that oxygen is biatomic. 

Similar considerations show us that 1 atom of boron can combine 
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with 3 atoms of chlorine ; that is to say, with 3 atoms of a monatomic 
body ; that 1 atom t)f carbon can combine with 4 atoms of hydrogen or 
chlorine ; and that one atom of phosphorus can combine with 5 atoms 
of chlorine ; we thence conclude that boron is triatomic, carbon tet.ra- 
tomic, and phosphorus pentatomic. 

To sum up, wo call monatomic the atoms and radicles which combine 
with 1 of hydrogen or tako its place ; biatomic, those which combine 
with 2 atoms cither of hydrogen or of another monatomic body, or 
which take the place of 2 atoms of these bodies ; we call triatomic those 
which combine with, or take the place of 3 atoms of hydrogen or any 
other monatomic body, and so on. 

It will have been noticed that we always say radicles capable of 
combining with n atoms of hydrogen or of taking the place of n atoms : 
that is, in effect, that they maybe combined with anatom, or be substi- 
tuted for an atom in a like manner. 

Every stable body may be considered as a molecular cdifico in equi- 
librium. In a molecule, each atom represents a force, therefore it is 
necessary for equilibrium that the resultant of the forces proceeding 
from all the other atoms be equal and contrary to it. If we take 
the molecule of alcohol (711 **0, we can only conceive its atoms l>eing 
in equilibrium when the force represented by one of the 9 which con- 
stitutes it is exactly balanced by the resultant of the forces represented 
by the other 8. Thus C*TT fi ought to represent the same force as O, 
0 2 H A 0 the same force as II, C the same force as 0I1 6 0, etc. 

This point onco established, it is evident that to substitute 1 atom of 
chlorine, say, for 1 atom of hydrogen, is to combine this atom of 
chlorine with the atomic group which formerly was united to the 
hydrogen, and was capable of maintaining it in equilibrium, and which 
has consequently the same value as 1 atom of free hydrogen. 

To find the atomicity or capacity for saturation of simple bodies, we 
determine the atomic weight of these bodies, and then combine thorn 
with the greatest possible quantity either of hydrogen or of another 
body of the same atomicity (chlorine, bromine, iodine, etc). Thus we 
see with how many of these monatomic radicles the atom of the simple 
body in question is capable of combining. This number represents 
its atomicity. 

Let us, for example, find the atomicity of carbon. After having 
determined its atomic weight, wo study its different compounds with 
hydrogen, and find that the formula of the one in which an atom of 
carbon C is joined to the greatest quantity of hydrogen is Oil 4 . Wo 
thence conclude that carbon is tetratomic. The atomicity of a simple 
body represents, therefore, the maximum quantity of a monatomic 
radicle which can bo combined with that body. Nevertheless, it must 
not be thought that a polyatomic body can make no other combinations 
than those which correspond to its maximum atomicity. Far from 
this, it can generally make all the combinations, or, at least, a great 
number of the combinations ’ less saturated than is in accordance with 
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the theory. Thus, in considering a tctratomic combination of a radi- 
cle R, R ,V II 4 , wo may pay that the combinations R ,V TI S , R IV H*, R IV II 
are generally possible. This is the case with tin. This metalloid is 
capable of combining with 4 times Ihe monatomic compound radicle 
C* IP, producing the body Sn ,v (C 2 H & ) 4 ; but beside this combination, 
tin also gives the compounds Sn ,v (C 2 lI s ) s , Sn ,v (( ■ 2 H ft )*. 

Many chemists explain the preceding fact by saying that one body 
has several atomicities. 1 prefer to keep the word atomicity to indi- 
cate only the maximum capacity for saturation of a body, and to 
consider all those of its compounds which have an inferior degree of 
combination as non-satu rated, or incomplete molecules. 

Nevertheless, as it is also useful to have a word to express the actual 
value of substitution of an atom or of a compound radicle, we will uso 
M. Hofmann’s designation of this property, “ quantivalenco,” and 
speak of “ monovalent radicles,” “ bivalents,” etc. 

Thus wo say that lead, whose atomicity is equal to four, is only 
bivalent in the greater part of its combinations. 

In notation we express this quantivalenco, the capacity for satura- 
tion <if radicles, by placing over the symbols which represent them a 
certain number of dashes ; but when more than three dashes would be 
required it is preferable, to render tlio reading easier, to use Roman 
figures, IY. V. VI., etc. When the radicle is monatomic no sign is 
used; thus — 

Cl O" Bo'" C IV P v 5 71 

signify that chlorine is monovalent, oxygen bivalent, boron tri va- 
lent, etc. 

It is important to remark that the apostrophes or Roman figures 
mark the actual value of substitution — the quantivalence of a radicle, 
and not its atomicity. The atomicity being an absolute invariable 
value, it is useless to mark it, it is known once for all. The quant i va- 
lent, on .the contrary, varying according to the compounds into which 
a radicle enters, ought to be carefully indicated. 

The invariability of the atomicity of simple bodies enables us to com- 
prehend compound radicles. These latter aro only incomplete non- 
saturated molecules. 

Thus carbon C, being saturated when it is in the state of marsh 
gas Cll 4 , can, nevertheless, combine with 1, 2, or 3 molecules of 
hydrogen ; but then the molecules which result are incomplete, and 
tend to become complete by taking as much hydrogen, or any other, 
body of which they are in need, in order to pass to the complete state 
to 4 : it follows that. CH 3 can only tako one monatomic atom ; it will, 
therefore, be a monatomic radicle. . Oil 2 can take 2 monatomic atoms, 
or 1 diatomic atom, to become complete ; it will be a biatomic raiiicle. 
Lastly, CJI can take 3 monatomic atoms, or 1 triatomic atom, to become 
complete ; this will be a triatomic radicle. 

The three radides below do not exist in a free state, but they may 
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be considered as forming part of certain compounds. Thus wo may 
admit that the radicle 

OH* exists in chloride of methyl 

OH*") 

iodide of methylene 

CTT") 

CPf 


OH* 

CII 


in chloroform 


As we see by these examples, it is by thoir combinations with mona- 
tomic bodies that wo determine the atomicity of compound radicles. 
Wo could not deduce the capacity for saturation of any radiclo from the 
combinations which it forms with polyatomic radicles. These have the 
property of accumulating indefinitely in the molecules. M. Kekulc has 
given a hypothetical, but very elegant and probable explanation of this. 

For example, let us take a biatomic atom. M. Kekulc represents it 
by the symbol which indicates two distinct centres of attraction. 

It. is clear that if to each of these centres a monatomic atom is 
adapted, the biatomic atom will bo saturated and incapable of combin- 
ing with any other body whatever ; the resultant molecule will have 

the form^Jj— but if this atom is combined by each of its centres 
of attraction with one of the centres of attraction of another atom, like 
it biatomic, the molecule takes the form ■ y— where we see 

there remain at a and j3 two non-, saturated centres of attraction. Then 
we could have successively the chain ( jJi j— and others 

still more complicated, until two monatomic? atoms should come to 
close the molecule by giving it the form 


rj) ci) (f)rriri*wi) cjL_rx'i.„. ix« ■.) 

C3ZX) ( l ~i X_I (!) ( i ~i Kj Z'x ") CD 

Tlic combinations with polyatomic radicles give no indication of 
atomicity, and to determine it we must always have recourse to com- 
binations with monatomic radicles. 

Experience lias proved that simple radicles or monatomic compounds 
never exist in a free state without being doubled ; that is to say, 
without having a molecule formed of 2 atoms, or of 2 of the atomic 
groups which take their place. 

Thus the radicles II, Cl, Br., etc., in a free state, exist in the forms 
II l Cl \ Br l 

II | Cl f Br f 

* In these figures the circles or the ellipses represent atoms and the poinls or tho 
lines placed inside represent their centres of attraction. When the atoms are placed 
side by Bide, the lines which are made opposite indicate affinities which saturate each 
other? Simple points placed outside the atoms opposite the infernal points of these 
latter indicate affinities not saturated. Thus means a tetra torn ie atom, and 

t nT(!) lJ signifies a tetratomic atom with three ailinities saturated ; two l»y a »lja- 
lomic atom,, and one by ft monatomic atom ; the fourth remaining free. 

D 
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jynfl only in these forms. There is, however, an exception to this rulo, 
hyponitrous acid, whose formula is N O 2 , and not ^q 2 j. 

Biatomic radicles can exist in a free state with a molecule formed of 
2 atoms, as well as with a molecule formed of only one. 

It is thus that the radicles 0, S, Se, To have molecules represented 
by the symbols — 


0" 1 S" ) Se" \ Te" 1 

0" f S" f Se" f To" f 


while the symbols TTg", Cd", C 2 IT 4 ", CT fi " represent both the atom and 
the molecule of mercury, cadmium, ethylene, and propylene. The 
only known simple tri atomic radicles are boron, thallium, gold and 
vanadium ; and the only known compound triatomic radicles are allyl 

Q 3 |p>w |» thebinoxido of nitrogen NO, and kakodyl We 

know nothing of the constitution of the molecule of boron or thallium, 
gold or vanadium, whose vapour densities chemists have not yet suc- 
ceeded in taking. As to allyl and kakodyl, their molecule is double ; 
but, on the other hand, that of binoxido of nitrogen is simple. 

The known tetratomic radicles of which the density in the gaseous 
state has been ascertained have an atom which is the same as the 
molecule. 

Among the known pcutatomic radicles, some have a molecule formed 
of 2 atoms like nitrogen, and others have a molecule formed of 4 atoms 
like phosphorus and arsenic. 

Lastly, the only hcxatomic radicle which wo have in a free state, 
benzine (C C H C ) VI , has a formula which corresponds both with the free 
molecule of this body and with the radicle as it. enters into combinations. 

From all these facts, we gather that if the radicles of uneven atomi- 
city have a tendency to have a double molecule when in a free state, 
certain of them nevertheless can have a simple, and others a quadruple 
molecule. 

M. Delavaud, starting from the idea that radicles of uneven atomi- 
city can never exist in a free state without becoming doubled, has pro- 
pounded a theory which had already been started by M. Erlenmoycr, 
who, however, had not deduced from it such interesting consequences ; 
M. Delavaud thought that this theory accounted for the non-existenco 
of radicles of uneven atomicity in a free state, and even the tact of the 
atomicity ; it may be summed up in two propositions : — 

1st. No non -saturated molecule can exist in a free state. 

2nd. Every polyatomic atom results from Iho union of a certain 
number of monatomic sub-atoms capable either of saturating each other or 
of being saturated by other radicles. Thus the atom of phosphorus I >v 
would bo formed of five sub atoms, and we should have P v = (p'p'p'p 1 !* 1 )- 
This being admitted, it is easy to explain that a radicle may have 
several quantivalences which may differ by an even number of units, 
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as 2, 4, 6, otc. ; hoxatomic atoms may bo hexavalent, tetravalent, biva- 
lent, or neutral ; and pentatomic atoms may be pentavalent, trivalent, 
or monovalent. 

Let us take the atom of carbon C IV = (cccc). If the four sub-atoms 
are saturated by 4 stran'go radicles we should have ^ c c c) and the 
carbon C IV would act with its maximum atomicity. 

But while two C are saturated by strange radicles it may be sup- 
posed that the other two saturate each other, giving biatomic carbon 

C" = ccc)‘ lastly, if the 4 sub-atoms saturato each other, we 

have free carbon C°= (n cc c). Carbon has, therefore, an 

absolute atomicity equal to the number of sub-atoms which its che- 
mical atom contains ; that is to say, to 4 ; it can, moreover, be bivalent, 
or neutral. 

Let us now take nitrogen ; its absolute atomicity is equal to five : its 
chemical atom contains five sub-atoms. Further, it may act with the 
quantivalcnces 5, 3, 1, but it never can bo neutral. It requires two sub- 
atoms for a reciprocal saturation, and, as the number of these sub-atoms 
is uneven, there always remains at least one that is non-saturated. 

iiiii 

N v = (u n n n n) 

i i i 

N'" = (n — — n n n n) 

i 

N' = (n — — n n — — n n) 

If, therefore, no non-saturated molecule can exist, the atom of nitro- 
gen, such as we obtain in a free state, can never form a molecule, and 
the molecule of free nitrogen will always contaiA at least 2 atoms, in 
order that the 2 sub-atoms that have romained non-saturated in those 
latter may saturato each other. The molecule of free nitrogen then 
becomes — 



M. Delavaud’s theory is ingenious, but it presents sevoral diffi- 
culties. 

In the first place, we do not sec how the sub-atoms of which this 
chemist speaks remain together. Thus, in carbide of hydrogen, 



the four sub-atoms are held together by nothing. 

Tltiis difficulty may, nevertheless, be eluded by admitting that the 
sub-atoms of which we speak are all not mono, but triatomic, and by 
not seeking to explain this triatomicity, without which we should qro 
from theory to theory for ever. Jn this case each sub atom would 

d 2 
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exchange two affinities with its neighbour, and there would remain 
one free ; the hydro-carbon C1I 4 would then be — 



The tri atomicity of the most simple radicles and the absence of any 
monatomic radicle would well accord with the triatomicity of iodine 
and the probable tri atomicity of the other halogen bodies. 

The variability of the quail ti valence of a body would also be equally 
well explained by this triatomicity of the sub-atoms. Let it bo, for 
example, oxide of carbon, wo should have — 

O c c 

| | j J | ] | = (ccc coo) = CO. 

V 0 

Unfortunately, there is a fact which overthrows M. Lolavaud’s 
theory; this is the existence of binoxidc of nitrogen NO. According 
to this theory the radicle can only have an uneven atomicity. Jn 
effect, if there are two atoms, one of even, the other of uneven atomicity, 
in whatever way they may be united, the product would always have 
an uneven atomicity. On the other hand, it is impossible to doubt that 
the formula NO represents the real molecule of the binoxido of 
nitrogen. No dissociation can be admitted, because the body in ques- 
tion is gaseous. Such an exception completely overthrows this theory. 

M. Dclavaud’s theory has another inconvenience which, even 
without the exception just spoken of, would prevent its adoption. It 
goes beyond the hypotheses permitted in experimental sciences ; it is 
metaphysical. In the experimental sciences theories ought only to ho 
the generalization or systemization of facts, which they ought never to 
exceed. M. Dolavand’s theory exceeds facts, since it supposes sub- 
atoms, -whose existence is not demonstrated. If such theories were 
allowed, a thousand might bo propounded which would bo as justi- 
fiable as that of M. Delavaiul, and which would reciprocally oppose 
one another. Instead of confining ourselves within the limits of expe- 
riment, wo should arrive at empty reasoning, like the metaphysicians 
of the Middle Ages. 

For our part, as wo do not wish to go beyond facts, wo will 
admit that non-saturated molecules exist in a free state, because the 
oxide of carbon and many other bodies furnish proofs of it; and we 
shall also say that radicles of uneven atomicity can exist without 
becoming doubled, because this takes place with binoxide of nitrogen' 
NO and liyponitrous acid NO 8 . 

This leads us to examine an idea of Nr. Wurta, who sees an anomaly 
in the fact that the molecules of ai-senie and phosphorus are V* and 
Aw 4 , instead of I M and As 8 , and that the molecules of biatomic metals 
are II g", Zn r , Cd /# , instead of ITg 8 , Zn 2 , Cd 2 . 
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This objection does not seem to be well grounded. Ampero’s law 
does not say that for an equal volume all gases contain the same 
number of atoms, but only that they contain the samo number of mole- 
cules. If it were otherwise, it would bo necessary to establish a difier- 
cnce, which nothing would justify, between simple and compound 
bodies. In these latter the number of atoms varies greatly in dif- 
ferent bodies, even though the gaseous volume occupied by the mole- 
cule remain the same. The molecular weights arc given by the law of 
Ampere, but this law gives no indications of atomic weights ; that is 
to say, of the number of atoms which the molecule contains. This 
number may be 1, 2, 4, etc., and may even vary in the same body, as 
the phenomena of allotropy prove. (See Allotropy.) 

Is there any anomaly in fhe following fact, that bodies resembling 
each other like nitrogen and phosphorus have not similarly constituted 
molecules ? We think not. Analogy and rosemblanco arc not identity ; 
and because two bodies givo rise to many similar compounds it must 
not tlicnco be concluded that tho two series ought always to bo 
identical. "Were it otherwise than in the case of atoms of even atomi- 
city, wc do not see why mercury should bo anomalous rather than 
oxygen. If there were any anomaly it would rather bo on the side of 
the oxygen, since, with tlio exception of this body and its three con- 
geners, all known radicles of even atomicity have a simple molecule. 

Wc think the molecules of simple bodies arc in all points analogous 
to those of compound bodies, and, like these latter, may contain, accord- 
ing to the caso, a veiy variable number of atones. The molecule of 
phosphorus P* and the molecule of mercury Hg aro no more anomalies 
than tho molecules Oil 2 or SoCl\ 


MOLECULAR TYPES. 

Thirty years ago, M. Lumas, generalizing tho facts hitherto known 
relating to the action which chlorine and bromino exercise onorganie 
substances, for the first time applied the idea of type to chemistry. 

A compound in his eyes constituted a molecular type, in which one 
or more atoms of one body could bo replaced by one or more atoms of 
another without the type being altered. Thus — 


Acetic acid (TlPO 2 , 

Chloracctic acid C 2 Il 8 C10 a , 

Bichloracetic acid C a H 2 OPO*, 

And trichloracetic acid C*II CTO 2 , 


belonged, according to M. Lumas, to the same type, though in the three 
last the hydrogen of the acetic acid was partially replaced by chlorine. 

Laurent, following tho same idea, assorted what has since been proved 
to be incorrect. He said that bodies derived Ly substitution were 
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always allied by the closest analogy of properties to those from which 
they were derived. 

Later still, Dr. Williamson remarked that alcohol C a H 6 0, already 
regarded as an hydrate of the radicle ethyl C*H 5 , may be considered 
as being derived from a molecule of water by the substitution of 
ethyl for the half of the hydrogen : — 


n i 0 

Hf u 

Water. 



Alcohol. 


The idea of type thus advanced a step. In order to class two 
bodies in one type it was no longer necessary for them to resemble each 
other in their properties ; it was sufficient if tliey were capable of 
undergoing analogous metamorphoses. 

Finally, Ger hardt, generalizing this view, classed side by sido bodies 
having vory different properties; so that a chemical typo becomes 
nothing moro than a general system of reactions. Acetic acid, water, 
and alcohol, are classe'd in the same type, because these three bodies 
undergo analogous transformations. 


C‘IPOj 0 

Acetic acid. 

n I 
nf 

Water. 

(HP 1 
II f 

Alcohol. 


o 


o 


- o 

Oxygen. 

- o 

Oxygen. 

- o 

Oxygen. 


CTPO 

H 

Aldehyd. 


H t 
IT f 


Hydrogen. 

C ! IP | 

H l 

Hydride of ethyl. 


Thus acetic acid may bo deprivod of its oxygen and give origin to 
aldehyd; water may equally lose its oxygen and give rise to free 
hydrogen ; and alcohol can be deoxidized and furnish hydride of 
ethyl. 

Similarly, when we treat the preceding bodies with perchlorido of 
phosphorus they exchange their oxygen for an equivalent quantity of 
chlorine, and divide into 2 parts, giving an atom of chlorine to each of 
their 2 radicles : — 


0 2 IT 3 0 I ... 
II | u 

Acetic acid. 


S|» 

Water. 



Alcohol. 


+ PCI 4 = PCPO + 

PerchloriUe Oxychloride 

of phosphorus, of phosphorus. 

+ pcp = pcpo + 

Percliloride Oxychloride of 

of phosphorus. phosphorus. 

+ POP = PCl s O + 

Percliloride Oxychloride of 

of phosphorus. phosphorus. 


C*H s O 1 

. H 1 

01 f 

+ Cl f 

Chlotide 

Hydrochloric 

of acetyl. 

add. 

n l 

, H ) 

ci f 

+ ci; 

Hydrochloric 

Hydrochloric 

add. 

add. 

C’lP ) 

. H ' 

Cl f 

+ CI f 

Chloride of 

Hydrochloric 

ethyl. 

add. 


By applying the word type in this sense we prejudieate nothing as 
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to the real grouping of the atoms in the molecule, nor the analogy of 
properties which the bodies may present. We only try to explain the 
reactions in a more striking manner, and to bring togother those which 
resemble each other. 

If two bodies obey two different systems of reaction, they ought to 
be considered as belonging to two different types. 

If a body were to obey at the same time two systems of reaction 
which characterize different types, it would belong to both these types. 
Its formula ought to bo given differently, according as it would be 
represented undergoing the one or the other of those two scries of re- 
actions. 

There is a body , aldeliyd , whose formula is generally ^ L placing 

it in the hydrogen type. We thus indicate that this body acts, in a 
certain number of reactions, like hydrogen ; that there is between it 
and another compound, called acetic acid, the same relation that there 
is between hydrogen and water. 

But if wo treat aldeliyd by oxychloride of carbon, the following re- 
action will be produced : — 

OTTO + COC1* = 00 s + J + } 

Aldeliyd. Oxychloride Carbonic Hydrochloric Clilor- 

ol' carbon. anhydride. acid. acetyl. 

This reaction is analogous to that which takes placo when wo cause 
oxychloride of carbon to act on wator. 

IPO + coca* = CO* + JJ | + JJ J 

Water. Oxychloride Carbonic Hydrochloric Hydrochloric 

of carbon. anbydridt*. acid. acid. 

When we want to oxplaiu this last reaction, the aldeliyd ought to 

r«ll* i 

receive the formula ’ j£ > 0, which places it according to the water 
typo. - 

Gerliardt, after having established tho definite meaning of the word 
type, discovered that all reactions can bo referred to four principal 
typos. 

These four types are : — 

1st. This Hydrogen Type jJ j 

l>y substituting simple or compound radicles either for one or both 
of the atoms of hydrogen, wo obtain the formulas — 
a. Of simple monaioinic bodies. 

/J. Of compound isolablc radicles of the same atomicity. 
y . Of certain bodies formed by tho union of two different monatomic 
radiclos, simple or compound. 

Of biatomic radicles, simplo or compound, of which tho molecule 
is only formed by one atom or by one group in its place. 
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Cl 1 

2nd. The 11ydkochix)RIc Acid Trac jj J- 

All the compounds formed by the combination of clilorinc, bromine, 
iodine, and fluorine, with any monatomic radielo whatever, are consi- 
dered as belonging to this type. Logically, it is useless ; we can in- 
clude it in the hydrogen type by simply replacing in the latter an 
atom of hydrogen by an atom of chlorine. Nevertheless, we preserve 
it because it is useful in practice. 


Tiik Water Tver j () 


Tn this type are classed the compounds which oxygen, sulphur, sele- 
nium, and tellurium form with tho different monatomic radicles, and 
a part of those which these same bodies form with biatoniic radicles. 
For example, on replacing one IT by K (symbol of potassium) wo 

liavo tho compound j O, and on replacing 211 by 2K wo liavo tho 
K I 

compound j O. 


Lastly, on substituting in these two formulas tho symbols of sulphur 
S, selenium So, and tellurium Tc for that of oxygon, we obtain tho for- 
mulas 



of two sulphur compounds, two solenium compounds, and two tellu- 
rium compounds of potassium. 


4th. The Ammonia Type 


11 ) 
n In 

hJ 


To this type belong the bodies which arc dcrivod from ammo nia , or 
the compounds in which tho nitrogen of ammonia is replaced by phos- 
phorus, arsenic, antimony, or bismuth. 

l\y the help of the four preceding types wo could only represent tho 
formulas and reactions of a very small number of bodies which con- 
tain polyatomic radicles. To remedy this inconvenience, (lerhardt 
invented condensed typos, which are only the four preceding ones 
doubled, triplod, etc. 

For these 4 typos we havo thou : 

1st. The hydrogen type, simple or condensed — 

IT) IP) IF) IP) 

II J IP | II 3 f • " • • Ip f 

2nd. The hydrochloric acid type, simple or condensed— 

II I IP ) IF ) Ip | 

01 f CPf CP f Cl**) 
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3rd. The water typo, simple or 

condensed — 


H 

II 

i 0 n s 
f U > IP I 

[o* 

II s 1 O’ : 

H* f ^ ’ 

IP ) 
H“ J 

4th. The ammonia typo, simple or condensed — 


IT] 

H a 1 

| 

H 3 ] 

HM 

II 

N IP 1 

In* 

H 3 > N 3 . . . . 

IP l 

II 

H* J 

1 

IP J 

IP J 


0 “ 


N" 


Lastly, we are able to join to these typos mixed condensed types 
funned by the union of ono or more molecules of water with one or 
more molecules of hydrochloric acid, as 


n 

H 




IP 

11 

01 


} 


0 


The discoveries of lato years have greatly augmented the import- 
ance of these condensed typos ; it is true that objections have been 
raised to them on the ground that bodies like water, hydrogen, or 
ammonia, condensed, do not exist, and therefore cannot serve as types. 

This objection is unfoundod. The molecular condensations in ques- 
tion could only take place under tlie influence of polyatomic radicles. 
Oxygen being saturated in water, we cannot understand why the water 
should be doubled; but, on tho other hand, we can easily conceive that 
if two atoms of hydrogen taken in two different molecules of water 
are replaced by an indivisible biatomic radicle, the two molecules of 
water will be found united into one, as the following formulas will 
explain : — 



Two molecules of water. 


h 

R" 

II 


} 


0* 


Double molecule proceeding from two molecules of 
wutcr condensed by the biatomic radicle It". 


Sometimes for the hydrogen of one of these types a compound radicle 
is substituted which itself contains this metalloid. To distinguish 
the hydrogen which forms part of this radicle from what remains of 
the primitive formula, this latter receives tho name of typical hy- 
drogen. 

For instance, on replacing in tho formula of water j> O, an atom 

of hydrogen by the radicle ethyl C a Il\ we obtained tbc formula of 
alcohol 

Alcohol. 


which contained an atom of typical hydrogen. 

Such was the theory of types in tho largest acceptation of the w<ml. 
We do not hesitate to say that it served its time. # \Vliat can it explain ? 
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Either a type merely expresses a general system of reactions and serves 
only to show more clearly the relations which exist between several 
bodios — in this case it is a mechanical means which renders service, 
but which has no pretence to be raised to the rank of a theory ; or, 
secondly, a typo pretends to unite in one category a series of two 
bodies fabricated on the same model, and in this case it would, as 
M. Kolbe remarks, be absurd to suppose that nature is limited to four 
general plans within which all bodios can be classed ; or, finally, typos 
represent the three first degrees of condensation of matter. 

This is the opinion which has been finally adopted by M. Wurtz. 
But it is not difficult to perceive that in this case Gerhardt’s types are 
insufficient. As many would bo required as there are different atomi- 
cities ; and as the condensation of polyatomic radicles may give rise to 
new radicles of a very high atomicity, the number of types may become 
indefinite. 

Moreover, already the problem proposed to bo solved has changed. 
The question no longer is to classify reactions, but to determine the 
intimate structure of the molecule by establishing in what manner the 
atoms aro bound together. Chemistry has already been able to 
approach this problem, and in many cases, more particularly in organic 
chemistry, has been able to solve it. Our rational formulas, therefore, 
no longer represent types of double decomposition ; they aim at indicat- 
ing the bonds which exist between the di fferent atoms constituting a 
molecule. 

. To understand these formulas, however complicated they may be, it 
suffices to know that the polyatomic radicles which aro on one side of the 
bracket serve to join the radicles of different atomicity which are on 


the other side. Thus tho formula 


0*H 5 


II j ^ signifies that in alcohol 

f> atoms of hydrogen are directly united with the carbon, while the 
sixth atom is only joined to it by the medium of the oxygen. The 

C(H 8 


same fact may bo expressed by the more complicated formula | < 11 s * 

cion 

The choice of tho rational foimula dopends on what we want to 
indicate. In many eases the old typical formulas are sufficient. Some- 
times formulas of the kind just given better show tho constitution and the 
system of reactions of a body ; but in this case it is usually preferablo 
to employ M. Kekul£’s signs, by means of which confusion is more 
surely avoided. Let us suppose that we wish to give tho rational 
formula of e thy 1-croton ic acid C°H ,0 O 2 ; it may be written in various 
ways, among which two will seem different, but in reality they indi- 
cate the same body. These are the formulas 


C 

C 


C 2 IP 

C-II 4 " 

o 


c 


r OH 8 
IT 8 


c ^ cm 4 " 


and 
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which, given symbolically, take the following form : 



We will use all these methods of materializing (so to speak) our 
thoughts, adopting in each case that which appears the most simple 
and at the same time the most capable of being understood. 

With the theory of types, it would seem logical to abandon the 
words typical hydrogen, typical oxygen, typical nitrogen, etc. Never- 
theless, wo will retain it, because it is useful to designate important 
facts. 

A Vo have said that in rational formulas polyatomic radicles placed 

by the side of a bracket serve to join those placed on the other side, 

rum * 

and we have given, as example, the formula of alcohol jj a [O, 

which indicates that the hydrogen Ha differs from that which forms 
part of the group C a H 5 in that it is only joined to the carbon by means 
of the oxygen. In whatever way tho formula of alcohol may bo 
written, this fact remains tho same ; and it is, therefore, useful to pos- 
sess a word to distinguish this atom of hydrogen Ha from all tho 
others. The word typical hydrogen having been employed up to tho 
present time in this acceptation, we will retain it. 

It is the samo with oxygen and nitrogen : we call these bodies 
typical in every case where, instead of being united by all their 
centres of attraction to the same polyatomic radicle, they are united 
by each of these centres to difforent radicles which they serve to 
join. 


SALTS, ACIDS, BASES. 

When sodium or potassium is mado to act on the hydrogen com- 
pounds of chlorine, bromine, iodine, or fluorine, or on tho more compli 
cated hydrogen compounds which contain oxygen or one of its congeners 
(sulphur, selenium, tellurium), it always happens in the case of chlorine, 
bromine, iodine, or fluorine, and often in that of oxygen or analogous 
compounds, that the metal partially or wholly displaces tho hydrogen. 
This gas then becomes disengaged in a free state, and the metal takes 
its place. 

This reaction is easily produced with water. Submitted to the 
action of sodium, this liquid exchanges a moiety or tho whole of its 
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hydrogen for the metal, giving sodic hydrate or anhydrous oxide of 


sodium. 






2 (nf°) 

+ 

P P 

II 

2 (>£l °) 

+ 

HI 

Hf 

Water. 


Sodium. 

Sodic-liydrate. 


Hydrogen. 

S}° 

+ 

Na) 

Naf ~ 

£}» 

+ 

H 1 

iif 

Water. 


Sodium. 

Anhydrous oxide 
of sodium. 


Hydrogen. 


Wo may hero observe that all the bodies which result from the 
substitution of a metal for the half of the hydrogen of a molecule of water, 
or of several molooules of water united, bear the name of hydrates. 

The reaction of alkaline metals (potassium, sodium, etc.) on hydro- 
gen compounds is too general to servo as basis for any classification 
whatever; but the replacing of hydrogen by one of these metals takes 
place in certain cases by another less general process, which in conse- 
quence may become a means of classification. 

AVe may replace the hydrogen of hydrochloric acid by sodium, 
making the metal act directly on this acid — 



Hydrochloric Sodium. Chloride of Hydrogen, 

acid. sodium. 


but we can also arrive at the same result by making hydrochloric acid 
act on the hydrate of sodium. A double decomposition then takes 
place, in which chloride of sodium and water are formed— 

II 1 Na 1 o _ Na | II 1 n 

Cl f + H f ° - Cl f + 11 1 0 

Hydrochloric Hydrate Chloride Water, 

acid. of sodium. of sodium. 

All bodies which, on contact with metallic hydrates, have the property 
of undergoing a double decomposition, in which the hydrogen which 
they contain, or at least a part of it, is replaced by a metal at the 
same time that water is formed, have received the general name of 
acids. 

Acids arc , therefore , hydrogen compounds , of lohich the hydrogen may he 
wholly or partly replaced by metals , by means of double decomposition with the 
help of metallic hydrates. Their replaceable hydrogen ialces the name of basic 
hydrogen. 

The hydrates which possess the property of producing double 
decomposition with tho acids have roccived the generic name of bases. 

Bases , therefore , are hydrates of metals , or compound radicles , capable of 
exchanging their metal or their radicle for the hydrogen of acids by means 
of double decomposition . 

We have seen that when wo subtract from a compound body one 
or more of the atoms which constitute it, the residue may be consi- 
dered as a radicle of precisely equal atomicity to the sum of those of 
the atoms eliminated. 
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If, thorcforo, an acid contains one or more atoms of basic hydrogen, 
and it be made to lose this hydrogen, the residue will act as a radicle 
of atomicity equal to the number of atoms of hydrogen lost by the acid. 

As an example, let us lake sulphuric acid S0 4 TI*. If II* bo taken 
from it, the residue SO 4 will act as a l)i atomic radicle. Again, in nitric 
acid N0 8 II, on taking away IT, wo have tho residue NO 8 , which will 
act as a monatomic radicle. So also in water IPO, if we suppress one 
atom of hydrogen, we have the monatomic residue OIT. M. Cannizzaro 
proposed giving to these different residues tho name of halogen residues. 
SO 4 would then be the halogen residue of sulphuric acid, NO 3 that of 
nitric acid, Oil that of water. The same chemist recently proposed to 
give to this latter residue tho special name of hydroxyl, for convenience 
in speaking. In this case the hydrogen compounds of chlorine and its 
congeners, and the halogen residues are simple halogen bodies. 

This being premised, let us again consider tho double decomposition 
which takes placo between an acid and a base, say, between hydrate of 
potassium and nitric acid — 

NCm + KOI! = N 0 3 K 4 - IIOTI 

Nitric Hydrate nr Nitrate of Water, 

ucid. potassium. potassium. 

AVc there see that nitric acid loses its hydrogen IT, and the base 

its metal K ; there are, therefore, four residues : on one side the halogen 
residue NO 3 of the nitric acid, and the potassium; on tho other 
hydroxyl Oil, and hydrogen. The two first of these residues unite to 
form nitrate of potassium, and the two latter combine to form water. 

It can, therefore, be said, cither that the nitrato of potassium 
results from tho substitution of potassium for the basic hydrogen of 
the nitric acid, or that this body results from the substitution of tho 
halogen residue of the nitric acid for the oxhydrylo which tho hydrate 
of potassium contained. 

The compounds which result from the reaction of acids on bases have 
received the name of salts. 

Salts may he thus defined : products which result from the substitution of 
metals for the home hydrogen of acids ; or products which remit from the sub- 
stitution of the halogen residue of acids for the oxhydryle of bases. 

besides the reciprocal action which they exercise on each other, and 
which serves to characterise them, soluble', acids and bases have proper- 
ties which cnablo them to bo readily recognised. 

Soluble acids have a sour taste, and possess the property of changing 
the blue colour of litmus to red. Soluble bases, on tho contrary, have 
an astringent taste, and bring back to blue the litmus reddened by an 
acid. The action of acids and bases on litmus is cxplainod as follows : 

Litmus contains a blue organic salt, tho lithmate of lime. When we 
substitute for the calcium in this body any metal whatever, tho hluo 
colour of the compound remains. But if the clement suhstituled ho 
hydrogen, tho coloured body, which then takes the name of lithmic acid, 
becomes red. 
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The halogen residue which, in the lithmate of lime, is combined 
with the calcium, and which in lithmic acid is united to the hydrogen, 
possesses affinities so feeble that it can easily be displaced by the halogen 
residue of all the other acids, even the weakest. Then the litmus 
returns to red under the influence of the acids. , 

On the contrary, if we causo a base to act on the reddenod litmus, 
that is to say on the lithmic acid, a metallic lithmate is formed which 
is blue, and the litmus regains its original colour. 


CONSTITUTION OF SALTS. 

Philosophically, acids and bases ought to be considered as salts. Let 
us take the last, for example : it is clear that nitrate of potassium is 
analogous in its constitution to nitric acid and hydrate of potassium ; 
it only differs from the lattor in that it contains the halogen residue of 
an acid instead of that of water, and it differs from the first in that it 
contains potassium inslead of hydrogen, as the electro-positive cl oment. 
Acids, therefore, are salts which contain hydrogen instead of a metal, 
as their electro-positive element ; and bases arc salts which contain 
hydroxyl instead of the halogen residue of an acid. 

Salts arc divided primarily into two classes, of which the first con- 
tains binary salts ; these are the metallic chlorides, bromides, iodides, 
and fluorides: they have been called by Berzelius,. haloid salts. The 
second class contains the oxy-salts. Each of these latter contains at 
least throe elements. Although the binary theory of salts, from which 
this classification originated, is no longer believed in, yet the classifi- 
cation itself is found exceedingly convenient, and therefore is retained. 


(CONSTITUTION OF HALOID SALTS. 

Tho constitution of haloid salts is so simple that it need not detain 
ns long. These result in fact from the juxtaposition of two monatomic 
radicles. Hydrochloric acid and chloride of potassium may bo repre- 
sented as follows : — 

0 0 0 0 

II 01 K Cl 

but the constitution of theso salts becomes more difficult to explain 
when they combine to form double salts, as tho double chloride of 

silver and sodium j ^ | 

Then, tho four bodies being monatomic, we do not see what unites 
the saturated moleculo of chloride of silver to the equally saturated 
molecule of sodic chloride. 

M. K6ktil6, to explain this fact, supposes that there exists in che- 
mistry combinations of two orders. According to him, the true che- 
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mical combinations formed by the union of atoms must not bo con- 
founded with the combinations which result from the union of several 
molecules, and to which M. Kekule gives the name of molecular com- 
binations. This theory admitted, we explain by it the double haloid 
sabs, by supposing that they result from the junction of two distinct 
molecules. 

The fact of such molecular combinations cannot bo doubted. The 
existence of water of crystallization (sen Water of Crystallization) 
proves it abundantly ; but when wo consider that these combinations 
almost always assume either a solid or a liquid state, it is difficult to 
see how the chlorides can possess such a constitution. M. Devillo has, 
in fact, obtained double chlorides which distil regularly at a very high 
temperature. 

According to my ideas, this is how we may explain the existence of 
these bodies. Though oidinarily monovalent, iodine has an atomicity 
really equal to 3. This is deduced from the existence of chloride of 

(OO’TFO 

iodine I Cl 8 and of a compound I < 00*1 IK) obtained by M. Scliutzon- 

l 00*11*0 

berger, and which results from the substitution of tlirco atoms of 
oxacctyl for three atoms of chlorine of the chloride. Doing triatomic, 
iodine may sometimes act with a quanti valence equal to three, and then 
the double iodides are easy (o explain. The bond between the two 

molecules is Ihe triatomic iodine. The formula j 2 ^ ^ j ) of the 
double iodide of mercury and potassium may be written in conformity 
with this theory and it may be explained by tbo following 

symbolical figure : — 

I I K K 

fi i nrTZ iZT^ 'i> 

OHDCCHZ OCTU ■“ O 

Ilg" I I 

This admitted, chlorine, bromine, and fluorine have the greatest 
analogy with iodine. Though in all cases positively known these 
bodies arc monovalent, it may nevertheless be supposed that they havo 
a real atomicity equal to 3, and that this atomicity, which is nowhere 
else manifested, shows itself in the double chlorides, bromides, and 
fluorides. These salts will then answer to formulas analogous to those 
wo have given for the iodide of potassium and mercury. Thus the 
double chloride of silver and sodium may be represented by tbo fol- 
lowing figure : — 

01 Ag 

( j_ i I'D (I; 

0> (I 

Na Cl 

This theory of double haloid salts, though not established by strict 
proofs, seems to me to bo preferable to that given by M. Kekule, 
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CONSTITUTION OF OXY-SALTS. 


Those salts contain never less than throe elements, and sometimes 
more : it will be sufficient if we establish the constitution of ternary 
salts ; those salts which contain four elements and more resembling 
them precisely. 

Ternary salts always contain among their elements either oxygen 
or one of its congeners. A part at least of this oxygen (or its con- 
gener) serves to uni to the metal to the other simple body or compound 
radicle which the salt contains, and this union requires as many atoms 
of oxygen as there are atoms of metal. 

Thus sulphuric acid SOTI* ought to be written SO*" j to indi- 
cate that IT* are united to the group SO*" by the medium of two atoms 
of oxygen ; carbonate of potassium C0 3 K* ought to bo 00" j to 

show that it is by the medium of the oxygen that CO" is joined to K\ 

The following figures render this constitution easy to be under- 
stood : — 




cttty'i— n 
<j a id 6 
s 


so\n* 



Rut it is not sufficient to affirm that in salts the metal is united to 
the metalloid by the medium of oxygen or of one of its congeners, an 
experimental demonstration must be given of this fact, and tho most 
conclusive is the action which perclilorklo of phosphorus (PCI 5 ) exer- 
cises on the acids and oxygenized bodies in general. 

This action consists in the perchloride of phosphorus taking an atom 
of oxygen to form oxy-clilorido of phosphorus (PCPO), while tho two 
atoms of chlorine, abandoned by the pcrcliloride, are substituted for 
the atom of oxygen which tho oxygenized body bas lost. 

(C i tt 4 0) + (rci n ) == (pcpo) + (c 2 n 4 ci*) 

Aldohyd. IVrcliloridc ONychloride Chloride of 

of phosphorus. of phosphorus. Ethylene. 

Every timo that oxygon, which is biatomic, has its two centres of 
affinity saturated by one radicle it is ovident that the two atoms of 
chlorine take its placo ; that is to say, they combine with this radicle, 
forming a single compound, as in tho example just given. 

If, on the contrary, tho oxygenized compound contains two radicles 
united by the medium of the oxygon ; that is to say, if each of the -two 
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centres of affinity of tho oxygen is united to a different radicle, as in 

( C 2 H s O 1 \ 

K >0 j 

0 0 0 

CTZ CUD TXCTZD 
OP CD Cl) U I. -LZIJCDK 

IT" c 

when clilorino is substituted for tho oxygen, those two radicles 
separate, the monatomic chlorine not being able to unite them as did 
the biatomic oxygen. Then we obtain two different, chlorinated bodies, 
or two molecules of tho same chlorinated body, if thero is identity 
between the two radicles combined with the oxygen. 

((0*11*0)) 0 ) + (1 > CP) = (POI-O) + (^f) + ( c ' H 2)j 


Acetate of 
]>otassium. 


Perchloridc Oxychloride Chloride Chloride 

of phosphorus. of phosphorus. of potassium. of acetyl. 


The following symbolical designs show clearly the difference 
between the two reactions which wo havo given as examples. 

1 st.. Example : — 

0 


O H 

cm i .... ■ .* ■ \jj\} 

CD (u (ii ro > 

C 


■ ) ( i» i (i) ( 

i ■ \ * ( ■ 


01 

(I) (I) (i) in id 


11 


i ■' ■ ■ L_iJ 

J‘ 


0 B H 4 0 

Cl 


O 


roi» 

c 


Cii (i) (iiCi._.i') 

— ( i “f_i i~~ i'i 
1 . 


i'i 11 

n._i_i7"T) (ii ii) (a. 
(i» (i.) ii> | | V—\ i 


H 


C 


2nd. Kxamplo 
II 

(iT~ i)~ (i) 


pofo 


o o 


0*H 4 CT 


(1 


( i v i i'iCT i i("i JT) i (ii (T d) Hi (i; 

(1 T ■") cb ‘ (| — 1 - ' > 

1 - n k v 


C a IFO t 
K ( 


O 


Cl 


o 


_ (i) (i) (i) ('■_■) 

O i" ■ ■ 

I* 


K 

(!) 


P(T 

C 


, w i I-IX I _■")(!) 

) "T (i) ~ (i) (i) (i) n i i i 


01 

KOI 


II 


O 01 

i 

i 

0 


PC1 B 0 

It is t;lear that if in the compound 


CTF0C1 

kW 


0 O On 

( i ~t- r~nci — n cT~T) 

® ® warrrr—n® 

• fi K 

(wo ntoniN of clilorino were substituted for the atom of oxvgen a which 
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unites the potassium K to tho group (C 4 IPO), the molecule would be 
found represented by the following figure : 

C o Cl Cl 
ri i ~ i i )fi n fi) ci) 

(i) Cl) CD ( | i _i_0 (■) 

C K 

This figure shows that ihc atom of chlorine and the atom of potas- 
sium which are on the light, not being joined to tho remainder of tho 
molecule, ought to bo separated from it. This is what really takes place. 

Tho reaction which the pcrclilorido exercises on oxy-salts shows 
that these bodies always contain at least two simple or compound 
radielos united by means of oxygen. Of these radicles, the one which 
has no metallic properties takes tho name of the acid radicle. Those 
radicles generally receive 'names which are formed by substituting the 
termination yl in place of the terminations of the generic names of the 
salts of which they form a part. Thus the acid radicle (C*1I S 0) which 
acts in the acetates has received tho name of acetyl. 

The halogen residues of acids are only the radicles of these acids, 
plus the oxygen destined to unite these radicles to the metals. In 
each case they receive a particular name, which is made by prefixing 
oxy to the name of the radicle which the halogen residue contains. 

Thus the radicle (C*IPO) of acetates joined to (.) forms the halogen 
residue of acetic acid (OHFOO), the radicle (CHPO) having received 
the name of acetyl, the halogen residue (OHPOO) is called oxyacefyl, 
or more simply oxacotyl. 


NEUTRAL, AC11), BASIC, AND DOUBLE SALTS. 


When the radicle of an acid is monatomic, a single atom of hydrogen 
may bo united to it by the medium of oxygen. The acid which is 
derived from this radicle then contains a simple molecule of hydroxyl, 
and is called monatomic. “When, on the contrary, the radicle of an acid 
is polyatomic, each of its free centres of attraction is saturated by hy- 
droxyl Oil, tho acid then contains a number of molecules of hydroxyl 
equal to that which indicates tho atomicity of the radicle, it is called 
polyatomic, and tho degree of its atomicity is determined by the 
number of molecules of hydroxyl which it contains. 


Acetic acid (CTPO), (Oil) is monatomic, sulphuric acid(S0 4 " 

fOH\ 

011 )1 
OH/ 


, [ OH \ 

biatomic, phosphoric acid ( TO"' <J Oil ) triatomic, etc. 


It is the same with bases. If a metal is monatomic, it can only 
fix a single halogen residue of water ; if it is biatomic, it will fix two; 
if triatomic, three, and so on. In tho first case, b<iscg are called mona- 
tomic, and in tho others polyatomic. •Here again the degree of their 
atomicity is determined by the number of molecules of hydroxyl which 
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they contain. Tims tlic hydrate of potassium (KOII) is monatomic, 


/ 

()H\ 

t 

cm \ 

/ 

OH 

F,.* . 

| 

OH 

\ 

\ 

OH 

on' 


liexatomic, etc. 

These denominations arc evidently bad. We have seen that the 
words mono, hi, tri, atomic have quite another meaning. It would 
be much better, as M. Bogoisky advised, to call acids and bases mono, 
hi, tri, liydriquc, to express how many halogen residues of water 
Oil these bodies contain. Nevertheless, the words mono, hi, tri, 
atomic being so univcrally used, we must conform to the usage, but 
must point, out. that it is very important not to confound the two mean- 
ings attributed to the word atomicity. This confusion is easy to avoid 
because one of the acceptations of the word is only applied to radicles, 
while the other applies to the molecules which contain hydroxyl. 

In an acid, the hydrogen of the hydroxyl, otherwise called typical 
hydrogen, can be wholly or partially replaced 1 »y a posi ti vc rad i cl o. When 
tlic hydrogen is wholly replaced, ilie salts arc called neutral , because 
they no longer possess any of the properties which characterize acids. 

When the typical hydrogen is only partially replaced, the salts which 
are formed still retain acid properties, and arc therefore called acid 
mlts. 

Thus, in sulphuric acid ( SO*" j J an atom of a metal can be substi- 
tuted for an atom of hydrogen, or two atoms of a metal for two atoms 
of hydrogen. * 

The salt which is obtained in the first case j j jj'j ^ is an acid 

salt, and in the second case ^ SO 2 " j j ^ a neutral salt. 

Whatever may be the number of atoms of typical hydrogen which 
an acid contains, this acid can never give, with one metal, more than 
one neutral salt, while the number of aeid salts that it can form is 
equal to the number wbieli cxpvessos its atomicity, less one. 

liases also, in double decompositions, may undergo the replacement 
of the whole or of apart of their typical hydrogen by the radicle of an 
acid. The salts which result are neutral when the whole of their 
typical hydrogen is thus replaced ; but when the substitution affects 
only a part of this element the sails formed retain their basic pro- 
perties, and are therefore termed basic salts. 

Tims in hydrate of barium ^Ba" j J the Iwo atoms of hydrogen 
may be replaced by the radicle of acetic acid, acetyl (OTTO); the 
compound ^Ba" j which results from this reaction is 

k 2 


is a neu- 
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tral salt But acetyl may only bo substituted for a single atom of 
hydrogen, and then we have the basic salt ^Ba" j ^ 

When the different atoms of typical hydrogen of acids or bases are 
replaced by different radicles, the salts which result from these sub- 
stitutions arc called double salts. 

Sulphate of potassium and sodium ^SO 8 " j a double salt. 

It would be the same of a body which should have for formula 



ONO 8 \ 

octpo; 


Aceto-nitrate of loud (hypothetical). 


Certain acid or basic salts, submitted to the action of heat, lose 
water and give rise to new salts, which used to be called anhydrous acid 

salts or anhjdrosalts. Tlius the acid sulphate of sodium ^SO 8 " | qjj 1 )’ 

when heated, loses water, and gives the salt 


cO 


These compounds, as wo clearly see from the discoveries in organic 
chemistry made by M. Wurtz and M. Loureiujo, are really neutral 
salts derived from particular acids or bases differing from those which 


gave origin to the primitive salts. 


Tho compound 



example, is dorived from the acidf }0 ). 

Iso* {oil/ 

Certain acids have this rcmarkablo property, that all their atoms of 
typical hydrogen cannot, bo replaced by positive metals. Then wo 
say that their basicity is less than their atomicity, and the number 
which expresses thoir basicity is that of their atoms of hydrogen 
capable of being replaced. 

Lactic acid ^0 3 H 4 0" j contains two atoms of typical hydrogen ; 

it is therefore biatomic. But only one of these atoms of hydrogen can 
be replaced by a positive metal. This acid is therefore monobasic. 

When, on the contrary, tho whole of the typical hydrogen of an acid 
can be exchanged for positive metals by double decomposition, wo say 
that its basicity equals its atomicity. 

Analogy shows us polyatomic bases whose typical hydrogen can only 
be partially replaced by acid radicles. Then we say that their acidity is 

/ (OHv 

less than their atomicity. A base ^R"VOHj, in which II 8 can only be 
replaced by negative radiclos, will be triatomic and biacid. 
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When salts react upon each other, they give rise to double decomposi- 
tions which we can generally foresee by bearing in mind the two 
laws which we are going to explain, and tho discovery of which is due 
to Berthollet. 

Berthollet’s Laws. — When we cause two salts to react (by salts w© 
mean both acids and bases) by means of a solvent, if, by double de- 
composition, a new salt can be produced less soluble than those which 
we have mixed, this salt will be produced. 

When we apply dry h oat to two salts, if, by double decomposition, a 
new salt can be produced more volatile than the salts previously mixed, 
this salt will be produced. 

If we mix a solution of chloride of barium ( Ba"iS!^ with a 


Example : If we mix a solution of chloride of barium 
/SO 4 " I \ 

solution of sulphate of zinc y j> ), as a double decomposition between 

these bodies would produce sulphate of barium and chloride of zinc, 
according to the equation : 


MS) 

Chloride 
of barium. 


^Zn" f 

■Sulphate 
of zlna 


= (Zn"jg) + 


Chloride 
of zina 


/S(> 4, '|\ 

\) 
Sulphate 
of buriuin. 


and as, further, the sulphate of barium is insoluble, the double decom- 
position takes place. 

So, if we heat sulphate of ammonium with chloride of barium, there 
will be produced sulphate of barium and chloride of ammonium, 
on account of tho volatility of this latter salt, according to the 
equation : 

(soioN^f) + MS) ■ HoM + 2 fa!) 


Sulphate of 
uminonium. 


Chloride 
of barium. 


Sulphate 
of buriuin. 


Chloride 
of umnioiiium. 


The following is the explanation of these two laws : 

Every time that two salts aro brought together, and whatover may 
be their solubility or their volatility, a double decomposition takes 
place, and there is a division between tho negativo radicles and tho 

p>sitive radicles. Thus, if we cause sulphate of sodium ^SO v, |q^^ 
to react with chloride of potassium ^ there is produced a mixture 
of these two salts, giving sulphate of potassium ^S0*"| and chlo- 
ride of sodium (^q 1 j)* 

2 KISS) + 4 (DO 


Sulphate of 
sodium. 


Chloride of 
potassium. 


- (*>-{«*) + (so-)® + 2 (Sf) + 2 (?“U 


Kulphute 
of potassium. 


Sulphate 
of sodium. 


Chloride 
of IKjtaSMUIll. 


Chloride 
of sodium. 
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Then if all these new salts are soluble thoy will remain in solution ; 
and unless they have different colours from the primitive ones, there 
will bo nothing perceptible to indicate the change which has taken 
place, it will he the same if wc operate by means of dry heat., and 
all the products are fixed. Hut if one of the salts be, in the first case, 
insoluble, or in the second volalilo, it will bo precipitated or evaporate, 
and the equilibrium will be destroyed, as one of the tonus which 
should servo to constitute it will he wanting. A second division will 
occur between the elements which remain ; the new quantity of in- 
soluble or volatile salt will in its turn be eliminated. A third division 
succeeds to the second, and the process will continue until the whole 
of the radicles, which by their union formed an insoluble or volatile 
salt, are eliminated. 

According to M. Malaguti, when a division between two different 
salts thus occurs, the quantities of salts which are formed are not 
equivalent to each of the primitive ones, hut seem to he proportional 
to the force with which their elements are capable of entering into 
combination. 

For example, if wc have two salts, one of which is formed by the union 
of tlio electro-positive radicle A with the electro-negative radicle B, and 
the other by the combination of the olectro-negativo radicle B with 
another electro-positive radicle A', the force with which the radicle A is 
capable of uniting with the radicle B being to that of the radicle A' as 
3 : 2, the quantities of A + B and A'-fB which arise will also be as 3 : 2. 

Let us suppose that we mix 100 molecules of acctato of barium 

( I 00*1 I a ()\ 

B ft | OOMPo) ai1 ^ HJO molecules of neutral nitrate of lead 
/ „ | ON() a \ 

f Pb" ! ()^(js )• We shall sec by experiment that a double decompo- 
sition takes place between 77 molecules of each of these salts. This 
number 77, which expresses the molecular quantity of the two salts 
which mutually decompose, is called tin; coefficient of decomposition 
of the two saline bodies. 

If we reverse the preceding experiment ; that is to say, if we mix 
100 molecules of nitrate of barium ^ Ba" j j and 100 molecules 

( I | \i 12V r.1/ )' 

Hb" | ()( ^IPO )’ 0,1 ty 22 molecules of each kind will 

undergo decomposition. This figure 22 will ho the coefficient of de- 
composition of the two new saline bodies. As, added to the preceding, 
it gives 100, wo conclude that, whatever may he the two bodies 
reacting on each other, the proportions of the salts which arise from the 
reciprocal exchange of the radicles will he invariably the same. We 
express this fact as follows : 

The coefficient* representing the quantities of salts decomposed in two saline 
couples containing the same radicles grouped in inverse order, are comple- 
mentary. 
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: Action of Electricity on Salta.— When a current of electricity is 
1>0 wcrful enough to decompose a salt, the electro-positive element goes 
to the negative polo and the negative group goes to tho positive pole. 

If wo submit sulphate of copper (SO*"Cu") to the action of a current, 
the metallic copper will bo deposited at tho negative pole, while tho 
group SO 4 " goes to tlic positive polo decomposing tho water hy taking 
its hydrogen to reform tho sulphuric acid (S0 4 "11*) w hil e the oxygen 
is set free. 

In the case of tho salts of potassium or sodium, the fact is more diffi- 
cult to state ; the metal sot free decomposing the water giving hydrate 
of potassium (K1TO) and free hydrogen. Thus, 'when we decompose the 

sulphate of potassium ^S0 2 "j wo find at the positive polo oxygen 

and sulphuric acid, as in the preceding case ; but at the negative polo, 
we collect, instead of the metal, hydrate of potassium and hydrogen. 

Chemists formerly attributed the oxygen and hydrogen disengaged in 
this reaction to tho decomposition of water. As to the salt, they sup- 
posed it to be decomposed into sulphuric anhydride (SO 3 ) and oxide 
of potassium (K*0), bodies which, when joined to water, form hydrated 
sulphuric acid and hydrate of potassium. 

Tho following experiment has condemned this interpretation, and 
shows that the facts occur as we have already indicated. 

Place a concentrated solution of sulphate of potassium ^ SO*" j j 

over mercury, and cause a strong current to pass through this liquid, 
taking care that the negative wire is plunged into tho mercury. The 
potassium set free then combines with this latter metal, and the amal- 
gam formed not being acted on by water, as is the pure potassium, 
after some time wo can collect a certain quantity of this body by eva- 
porating the mercury. 

Tho phenomenon is, therefore, the same as that produced with the 
sulphate of copper, and the apparent difference of the result is only 
owing to the secondary action which the alkaline metal exercises on 
water. 


N OMEN C I a ATI J HE. 

Chemical nomenclature originated at the close of the last century. 
The first system was proposed by Clayton do Morvoau, and the defini- 
tive nomenclature was resolved upon by a commission of which 
Lavoisier formed one. 

Nomenclature having arisen at an epoch when organic chemistry was 
almost entirely unknown, it only applies to mineral compounds, or 
rather, if it be applied to the combinations which organic radicles form, 
the names of these radicles are fixed in an entirely arbitrary manner. 

Nomenclature does not express in mineral chemistry all that we 
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ought to expect of it. A great number of facts discovered since its 
origin render it incomplete. 

We will here explain what it is, making our explanation as much as 
possible in harmony with the theories professed by the majority of 
chemists at the present time. 

Names of Simple Bodies. — The names of simple bodies are absolutely 
arbitrary. To designate these bodies we generally choose words 
which refor to some of their properties. Bromine comes from the 
Greek /fyne/ao?, a “ stench iodine, from “ violet,” on account 

of the beautiful violet colour of the vapour of this metalloid. 

The names of the various compound bodies are usually derived from 
those of their more simple components. 

Names of Binary Compounds. — 1st. General Hule. — We designate by 
the termination ide the name of the electro- negative body of tho com- 
pound, mid follow it by the name of the eleotro-positive body. Thus, 
a compound of chlorine and iron is called chloride of iron ; a compound 
of sulphur and copper, sulphide of copper, etc. 

To this first rule, which enables ns to perceive the qualitative com- 
position of a body simply from the inspection of its name, is added 
another, which aims at making known its quantitative composition also. 

If an electro-negative element be monatomic, wo place before the 
generic name of the compound tho prefixes mono, hi, Iri or ter , tetra , 
sesqui, etc. ; mono, if, for an electro-positive atom, the compound con- 
tains a single electro-negative atom ; hi, if it contains two ; tri, if it 
contains three ; tetra , if it contains four ; sesqui , if it contains three for 
two of tho electro-positive body.* 

Thus the compound KC1 is called monochlorido, or simply chloride 
of potassium ; tho compound Hg”Cl*, bichloride of mercury ; the com- 
pound Au"'Cl a , terchlorido of gold ; the compound (XT, tetrachloride of 
carbon, etc. 

If the electro-negative body be biatomic, we place befoje tho generic 
n;imo of the compound the syllables mono, hi, tri, tetra, sesqui, etc. 

The prefix mono is employed when the compound contains a single 
atom of the electro-negative body, either for one of the electro-positive 
body, if this has an even atomicity, or for two if it has an uneven 
atomicity ; the prefix hi, when tho compound contains two atoms of tho 
elcctro-negativo body for one of the electro-positive body, if this lias 
an oven atomicity, or for two if it lias an uneven atomicity, etc. 

The prefix sesqui is applied to bodies in which, for two positive 
atoms of even atomicity, or for a double numbor of positive atoms of 
uneven atomicity, there aro three negative atoms. 

Lastly, if for a single negative atom there are more than one or two 
positive atoms, according to the atomicity, the name of the compound 
ought to be preceded by tho prefix sub. 

* Since the adoption of tho now atomic weights, there no longer exists any formula 
of this latter kind, it having been discovered thut the bodies which were believed to 
have such formula) possess a different constitution. 
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Ex.: K*S is called monosulphide of potassium. 

Na“S* — bisulphide of sodium. 

Na*S 3 — tri sulphide of sodium. 

lla"S is monosulphido of barium. 

Ca"S a — bisulphide of calcium. 

Fe 4 S a — sesquisulpliide of iron. 

Hg a S — subsulphide of mercury. 

Whatever may be the atomicity of the elements which enter into a 
binary compound, when the generic name is preceded by the prefix per 
or hyper it indicates of all the combinations which the two components 
can form, tho one which contains the largest proportion of the nega- 
tive clement. Thus the compound 1<V01® is called perchloride of iron ; 
the compound Tv^*, persulphide of potassium. 

When the electro -negative body has an atomicity greater than two, 
the quantities of it are no longer indicated. 

2nd. First exception. — This affects the hydrogenized compounds. 
Three eases may arise : when these compounds are strongly acid, when 
tliev arc neutral, or when they have a weak acidity. 

When they are strongly acid they are called acids, and tho prefix hydro 
is placed before the name of the electro-negative body of the combina- 
tion : thus — 

The compound TI01 is hydrochloric acid. 

Tho compound IlBr is hydrobromic acid. 

When they arc neutral their name is generally according to the rule, 
but sometimes the prefix hydro is placed before the name of the electro- 
negative body. Sometimes tho termination “nretted” roplaccs tho 
last syllable of tho electro-negative body : thus CII 4 may he (Jailed 
a carbide of hydrogen, or a hydro-carbon or carburetted hydrogen. 

When they are slightly arid they sometimes follow the rule lor those 
which are strongly acid ; at others, tho last syllable of the name of the 
electro-negative body is replaced by the termination “uretted:” thus 
JL 2 So is hydro-selonic acid, or selcniuretted hydrogen. 

3rd- Second Exception. — Tho second exception lias reference to the 
combinations of metals with one another. These combinat ions are named 
alloys. Thus we say alloy of iron and copper, alloy of zinc and lead. 
The alloys into which mercury enters are named amalgams. An alloy 
of mercury and silver is called silver amalgam. 

4th. Third Exception. — The third exception, by far the most import- 
ant, has reference to oxygenated compounds. When an oxygenated 
compound is capable by a reaction with the elements of water of 
forming an acid it is called an anhydride ; and this word is placed after 
the name of the acid. Thus the compound of phosphorus and oxygen 
(P*() a ) is named phosphoric anhydride, because, by reacting with water, 
it produces phosphoric acid. 

If tho oxygenated compound does not undergo reaction with water, 
but reacts with bases to form salts, its name is made according to tho 
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preceding exception. Thus wc cause the word anhydride to follow the 
name of the hypothetical acid which we obtain by replacing by 
hydrogen the metals of the salts to which this binary compound gives 
origin. For example : 

Carbon and < ixy gen form a compound CU“ which, by acting on bases, fur- 
nishes salts, of which the formula is (CO’hM'*), M' being a monatomic metal. 

The acid which would bo obtained by substituting H B for M a 
would have the following formula (00 :< 1T*). Jf it existed, its name, 
according to the preceding rules, would bo carbonic acid. The com- 
pound 00* would then bo called carbonic anhydride. 

Instead of naming the preceding bodies as above, we often (sail them 
anhydrous acids. Instead of saying phosphoric anhydride and carbonic 
anhydride , we may say anhydrous phosphoric acid and anhydrous carbonic 
acid. The former names arc to bo preferred, because they arc more in 
harmony with modern theories. In fact, binary compounds cannot be 
acid unless they contain hydrogen. 

When binary oxygenated compounds are not able to react upon water 
to form acids, nor upon bases to form salts, they are called oxides, and 
the particle of is placed after this word (oxide), being itself followed 
by the name of tlic simple body combined with oxygen. Thus the com- 
pound of oxygen and potassium K*0 is named oxide of potassium. 

Sinco the same simple body is able to form several binary compounds 
with oxygen, it is convenient, in order to distinguish them from one 
another, to precede the word oxide by the prefixes prot , bin , ter , tetra, 
sesquiy sub, per. 

These prefixes indicate the same relation between the oxygen and the 
body to which it is united as they do between tlic biatomic electro-nega- 
tive bodies and electro-positive bodies, which wc have already explained. 

Thus the compounds (K' 2 0), (( V'O), (llg"0), are named protoxides 
of potassium, of copper, and of mercury. 

The compounds (Mn"0 2 ), (P»a"O a ), arc named binoxides of manga- 
nese and of barium. 


• / An 1 • \ • 

The compound ^ C ‘ 10X ^ C gold. 


Tho compound (Fe avi () 3 ) is sesquioxide of iron. 

The compound (11^*0) is suhoxide of mercury. 

Sometimes the word peroxide is used to designate the oxide contain- 
ing the most oxygen which a body is able to bear without forming an 
anhydrous acid. 

In the second of the preceding examples, we may either say binoxide 
or peroxide of manganese, binoxide or peroxide of barium. Experience 
shows that (I3a"O v ) is the compound of barium which contains tho 
largest quantity of oxygen, and that (Mu' 0 s ) is tho compound of manga- 
nese which contains the most oxygen without being an anhydrous acid. 

f»th. Fourth Exception . — Among tho bodies whose nomenclature obeys 
the ordinary rules are found tho binary compounds of sulphur, 
selenium, and tellurium. Some of these present the same relation to 
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certain sulphuretted, seloniuretted, or tclluretted acids as the oxygenated 
anhydrides do to the acids which are derived from them. We then name 
these bodies at will, either according to the general rule, or by causing 
the word anhydrosulphide to follow the name of the acids to which 
they correspond. The body (CS*) differing from sulpho-earbonic 
acid (CS : TJ*) by (IT'S) in the same manner as carbonic anhydride 
(CO*) differs from the hypothetical carbonic acid (COMP), viz., by 
(11*0), may be called bisulpliido of carbon, or sulphocarbonic anhydro- 
sulpliide. 

Ternary Compounds. — All the ternary compounds whose nomen- 
clature follows the rules are salts, which are sometimes oxygenated, 
sometimes not : the rules are different in the two cases. 

1st. Wiikn Tin: Salts auk Oxyuknateu. — To these a generic name is 
given which is common to all those which contain the same halogen 
residue, and a specific name to distinguish between the different 
species of the same class. 

Formation of the. Name of the Clans . — This is effected by replacing the 
last syllable of I lie name of the simple body which is united to 
oxygen in the halogen residue by the terminations ate or ite. 

When two classes of salts only differ from one another by the 
quantity of oxygen which they contain, the termination ate is given to 
tho class containing the most oxygen, and that of ite to the less 
oxygenated class. 

There are often more than tiro classes of salts which only differ from 
one another by tho quantity of oxygen which they contain. We then 
form the name of tlio class of those in which the halogen residue con- 
tains more oxygen than the class terminating in ite , but less than that 
terminating in ale, by placing the prefix hypo before the name termi- 
nating in ate. 

We place the same prefix hypo before the name terminating in ite to 
designate a class of salts less oxygenated than that which answers to 
this termination. 

Lastly, to indicate a class of salts more oxygenated than that which 
has received flic termination ate, wc place before the name of this 
latter class the prefixes per or hyper. « 

Tims there is a class of salts of which the halogen residue is consti- 
tuted by chlorine and oxygen, in this class there are five sub classes, 


viz. : 

The class hypochlorite CIO — R\ 

Tho class chlorite CIO* — K\ 

The class hypoclilorato (this class docs not. exist; 
wemassume it in order to demonstrate the rules of 

nomenclature) CTO 5 — R'. 

The class chlorate C10‘* — R'. 

Tho class perchlorate CIO 4 — It'. 


Thus we see the class hypochlorite is the lest$l oxygenated, and 
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that the quantity of oxygen augments progressively in the following 
classes which correspond to the names chlorite, hypochlorite, chlorate, 
and perchlorate. 

Formation of the Specific Name . — The specific name is no other than 
that of the simple body or of the electro-positive radicle : thus, repro- 
ducing the preceding examples : 

If in the class chlorate we place a definite radicle, as potassium, 
sodium, or silver, in the place of the R' we shall have — 


Chloral c of potassium CIO 3 , K. 

Chlorate of sodium CIO 3 , Na. 

Chlorate of silver (MO 3 , Ag. 


It may happen that the same electro- positive radicle makes two 
different kinds of salts with one and the same negative group; to 
distinguish between them we then add to the specific name the words ad 
maximum or ad minimum . The salts “ ad maximum ” are those into which 
the largest proportion of the negative group enters ; while tho salts “ ad 
minimum ” are those into which the smallest proportion of it (inters. 
Generally, however, the prefix “ per” is used for the “ ad maximum ” 
compound, and those of 41 proto ” or “ sub ” for the 41 ad minimum.” 

For example, there are two sulphates of iron ; 

The sulphate ad maximum, or persulphate = (Fe^SO 4 ) 3 ). 

The sulphate ad minimum, or protosulphate = (FeSO 4 ). 

2nd. The Salts are notOxyoenai ej).- If these salts contain sulphur, 
selenium, or tellurium in the negative group, their name will be formed 
in the same manner as if they were oxygenated ; only wo preccdo the 
generic name by the prefixes sulplio, selenio, or tellurio, to indicate 
which of these bodies replaces the oxygen. Thus the class CO a R 2 being 
(tailed carbonate, the class CS 3 R* will bo called sulphocarbonate. 

If the salts do not contain either oxygen, sulphur, selenium, or 
tellurium, two cases may occur: in the first, there will be two posi- 
tive elements for one negative; in the second, there will be one 
positive and two negative elements. 

When there is one negative element, wo replace the last syllable of 
its name by ide, and place the word double before it; after the termina- 
tion ide are placed the names of the two positive bodies: thus the body 

^Cl* } ™ C{A ^ 0( ^ ^ I0 “ chloride of silver and sodium.” 

if, on t.lic contrary, the body contains one positive element and two 
negative ones, wc cause the name of one of these latter to terminate in 
“ of and join to it the name of tho other with tho termination ide , 

and then place the name of tho positive element; thus the body 

is named the “ iodo chloride of mercury.” 

When the salts arc sulphuretted, sclcniuretted, or tellurettcd, names 
are chosen deduced from the preceding rules. For example, the salt 
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(CS S K 8 ) may bo bo called tho double sulphide of potassium and carbon, 
or sulphocarbonatc of potassium. The latter of these names is prefer- 
able, and will end in being the only one used. 

3rd. Acids, Bases. — The salts which contain hydrogen as their elec- 
tro-positive element are called acids. They are named by causing this 
latter word to follow the generic name of the salts which correspond to 
them, after having changed the termination “ate” into “/c,” and that 
of “ tie ” into “ ous” 

Tho acid which corresponds to chlorates is chloric acid ; to chlorites, 
chlorous acid ; and to sulphocarbonatcs, sulphocarbonic acid, etc. 

When the group IK) constitutes tho electro-negative element of a 
salt, this salt is a base : the generic name of “ hydrate ” is given to this 
class of salts, and their specific names are f irmed as in tho other cases. 
Tho compound (KUO), formerly hydrate of potash, ought to lx? called 
“ hydrate of potassium.” 

Quaternary Compounds. — Quaternary compounds are salts which 
contain sometimes one negative group to two positive radicles, some- 
times one positive radicle to two negative radicles, and sometimes one 
ternary negative radicle and one positive radicle. 

1st. There is one negative radicle to two positive radicles . — If hydrogen 
be not found in the positive radicles, tho name of the salt is funned in 
the ordinary manner, with the exception that the word double is placed 
before the generic name of the body. Thus the body (SO",K,Na) is 
named double sulphate of potassium and sodium. 

Tf hydrogen is one of the positive elements we have an acid salt ; we 
then place the word “acid” before the generic name, or we add the 
prefix hi to the generic name. 

Thus two sulphates of potassium are known ; one neutral (S0 4 "K 2 ), 
the other acid (S0 4 "KH). The latter is named acid sulphate, or bisul- 
phate of potassium. When tho acid salt contains several atoms of 
hydrogen, the number of them is indicated by the syllables mono, hi, 
tri , tetra, placed beforo tho generic name. 

2nd. There is one positive radicle to two negative radicles . — If hydroxyl 
(ITO) does not exist in the negative radicles, the last syllable of one of 
these radicles is changed into o, and the name of the second radicle, 
terminated by the syllable ate or tie, according to tho ordinary rules, is 
joined to it. 

Thus tho compound (N0*,C10*,Pb") is named tho chloro-nitrate of 
load. 

When tho group (HO) is one of the negative radicles, the salt is 
named as if it only contained the other negative radicle, and tho word 
basic is placed beforo the generic name of tho salt; or, as is more 
general, the prefix sub is used. 

Thus, there are two nitrates of bismuth ; the one (N0 8 , 8 Bi"') neutral, 
the other (NO s (IIO) a Bi # ") basic : the latter is named the basic nitrate, 
or subnitrate of bismuth. 

If the salt contain several molecules of tty group (HO), the 
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prefixes mono, hi, tri, tetra , according to the case, arc added to the word 
basic. 

3rd. There is one positive radicle and one ternary negative radicle . — Jn 
this case llie generic name is made as usual, but it has certain prefixes 
attached to it. These prefixes indicate the nature of the bodies taking 
the part of the negative group, the last of which in the name has the 
termination ate: thus the salt (( f O*S f K*) is called binoxysulphocarbonato 
of potassium. 

Bodies which contain more than Four Elements. — These compounds 
have the same rules of nomenclature as the quaternary ones. For 
example, the salt (l , 0 4 ",Na,K.,Li) has the name of phosphate of potas- 
sium, sodium, and lithium; the compound (IHJ^SO^NO^V) is the 
pliosplio-sulpho-ni Irate of iron. 

The salt (((_\SOSe)"K 2 ) is the sulphoxyseleniocarbonato of potassium. 


SOLUBILITY. 

(Vrtain solid bodies have the properly of passing into the liquid state 
when they are mixed wiili other bodies which are already in this state, 
and to remain intimately mixed with flicse latter substances. Then 
we say ihat. the solids are soluble in these liquids, and this property 
which they possess is called solubility. 

Examples of solubility are numerous. Sugar is soluble in water, 
fat is soluble in spirit of turpentine, etc. 

AY hen a solid is dissolved in a. liquid, sometimes an increase, and at 
others a decrease of temporal ure is observed : occasionally the temper- 
ature remains unchanged. 

These phenomena are thus explained : 

Every body in passing from llie solid to the liquid slate absorbs a 
certain quantity of heat, and consequently lowers the external temper' 
aturc. lienee it is evident that in every solution the temperature 
of the solvent ought to be lowered ; further, as .all bodies do not, re 
quire the same'quantity of heat, to change their state, it. is equally evi- 
dent Ihat, the cold produced by the solution ought to present an inten- 
sity varying according to the nature of the body dissolved. 

This would always be the case if no other phenomena interfered ; 
but the body which is dissolved may exorcise a chemical action on the 
solvent, so that an elevation of temperature is produced and counter- 
balances in different degrees the cold resulting from the liquefaction. 
The result observed will depend upon the difference between the two. 
We have cold in the case where the heat developed by the combination 
is less than the cold produced by the solution, and heat when the 
reverse takes place. But the temperature will not vary if the two 
effects exactly compensate. 

The laws which regulate the solubility of bodies are far from being 
exactly known : besides the general rules there are also exceptions. 
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Fikst Law. — At tlio Kamo temperature, the quantity of a solid body 
which a liquid can dissolve is limited. W hen a liquid has dissolved 
all that it can of a body at a givon temperature, it is called saturated. 
Solutions, like ordinary combinations, therefore take place in definite 
proportions. 

Second Law. — When a liquid is saturated with one body it can still 
dissolvo another ; often even the solubility of one is augmented by the 
presence of the other. This latter phenomenon ought to bo attributed 
to the product ion of new compounds formed by the double decompo- 
sition of the two primitive bodies. 

Tiiijld Law. — The solubility of bodies generally augments with the 
temperature : 100 parts of water at 10° dissolve 10 parts of nitrate of 
barium, and 36 parts of the same salt at 100°. Nevertheless, this law 
is not constant. Resides, the increase of solubility for the same increase 
of temperature is far from being the samo for all bodies: there are 
some which are more soluble in cold than hot liquids, sulphate of 
thorium among the number; and there are others which present still 
greater irregularities. Sulphate of sodium is soluble in water, and iis 
solubility increases as the temperature rises up to -f 33°. Rut as the 
temperature is elevated above 33°, the solubility of the salt de- 
creases. 

To explain this curious fact, we suppose the salt which is dissolved 
between <P and 33° to be combined with a certain quantity of water, 
while at 33° this combination is destroyed, leaving the salt anhydrous. 
To explain this anomaly, we may suppose that the hydrated salt obeys 
the general law, and that, on the contrary, the solubility of tlie anhy- 
drous salt decreases with the temperature. Unfortunately, this expla- 
nation is quite hypothetical. 

IfouitTii Law. — Rodion, when tiny are dissolved in liquids, always 
raise the boiling point of the latter. The amount which they raise it 
varies with tho bodies. It is probably in proportion to the combining 
power which the liquid has for tho solid molecule. 

The following table indicates the number of degrees by which the 
boiling point of water is raised by a weight of different bodies capable 
of saturating it at the temperature at which it boils under their 
influence : 


Names of Ilodics. 

Proportion of Undies 
to H)0 of WaUr. 

Soiling 

Points. 

Chloride of barium 

. . . . 60vl 

104" -3 

Chloride of sodium 

. ... 41*2 

108" -3 

Chloride of ammonium 

.... 88-0 

1 1 4° • 2 

Chloride of strontium . 

.... 117-5 

117°-8 

Nitrate of sodium 

.... 224-8 

12J°-0 

Nitrate of calcium. 

. . . . 362-0 

151°-0 

Chloride of calcium . 

.... 325-0 

176° -0 


As the solubility of each body varies with flic temperature, linos 
have been constructed called curves of solubility, intended to show at 
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what degree of the thermometer this takes place. The following 
is the principle of these curves. 

Take two lines perpendicular (see fig. 10) to one another. The 



l’ig- 10 . 


horizontal line is divided into a certain number of equal parts, of 
which each represents 1° of the centigrade thennometer. The verti- 
cal line is divided into equal parts, which are not necessarily equal to 
those of the horizontal line. 
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If wo wish to determine the curve of solubility of a body, we find bv 
experiment what are the quantities of this body dissolved in 100 parts 
of the solvent, at different temperatures. 

This done, from Ihe divisions which indicate these temperatures we 
raise perpendiculars to the horizontal line; then on the vertical line 
we take the lengths proportional to the quantities of the body dissolved 
at the different temperatures for which the determination of the 
solubility has been made. From each of the points thus traced on the 
vertical line we raise perpendiculars, which meet those raised from 
the horizontal line. Finally, we join all the points of intersection by a 
continuous curve, which is the curve of solubility sought for. 

From ten to twenty experiments will be enough for the curve to re- 
present the solubility at all degrees of tho thermometer with sufficient, 
exactitude. 

When we wish, by tho help of this curve, to learn the solubility of a 
body at any temperature, wo raise a perpendicular from the point of 
flic horizontal line where this temperature is inscribed. Tliis perpen- 
dicular cuts the curve of solubility at a certain point, which wo 
connect with the vertical line. The length of this latter line between 
tho point of connection and the horizontal line represents the quantity 
of the body capable of being dissolved at tho temperature. 

The important point., therefore, is to be able to detennino exactly the 
solubility of a body. Two melhods can be employed to attain this 
end. 

First Method. — This consists in evaporating with care a known 
weight P of a solution saturated at a certain temperature, and weighing 
the dried residue; lot the weight ho P # ; P— P' will represent tho 
weight, of the water evaporated. £ simple proportion then gives the 
quantity of the soluble body which 100 parts of water would dissolve 
at the same temperature. We have t.hon 
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To accomplish the drying, wo plaeo the solution in a small receiver 
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(fig. 11), which is heated by charcoal. At the end of the opera! ion, to 
remove the last traces of moisture, we inject dry air into the receiver 
by the help of a small glasH tube adapted to the point of a pair of bel- 
lows by means of an india-rubber tube. The receiver must always 
be held obliquely to prevent the liquid spurting out. 

Skcono Mktiioj). — Instead of evaporating the solution after having 
weighed it, a re-agent, is added capable of precipitating the body dis- 
solved, or, at least, some of its elements. The precipitate is collected, 
washed, dried, and weighed ; and from its weight that of the body 
which was in solution is deduced. 

For example, to determine the solubility of bromide of sodium, wc 
add nitrate of silver to the solution of this salt; and, after having 
collected it on a filter, washed and dried it, wc weigh the bromide of 
silver which is precipitated ; lei, P he its weight,. As we know that 
188 parts of bromide of silver contain 80 parts of bromine, we know 
the weight of bromine contained in P of bromide of silver by the help 
of proportion : 


188 : 80 P : x; that 


calling P. Ilie value? of .r supposed to be found. 

We know that 80 of bromine unite will) 2:.» of sodium, giving 10l> of 
bromide of sodium ; then wo shall have the quantity of bromide of 
sodium contained in the solution by means of the proportion — 

80 : 1 0:5 ; : I» ; as; that is to say, x = \\ 

80 

The weight of bromide of sodium being known, wc make tho calcu- 
lation as before. 

This proceeding is only applicable when the bodies whose solubility 
wc wish to determine are decomposable by heat. 

Whatever may he the method employed, the principal part of the 
operation* is to obtain a saturated solution. We can do this in two 
d ilferent ways. 

Tho most simple and at the same time tho most certain way 
consists in placing in tho liquid an excess of the body to he dissolved, 
and leaving it, for a sufficient length of time at the proper temperature. 

Tho second means is only applicable to bodies which, according to 
the general rule, arc rendered more soluble by heal, it consists in 
saturating tho liquid at a temperature higher than that at which wo 
wish to make the experiment, and then leaving it to become cold. 
Tho excess of the body dissolved is deposited, and when the ther- 
mometer marks tho degree required, the saturated solution is de- 
canted. 

This proceeding is liable to error. Sometimes it happens that, when 
the temperature becomes lowered, the excess of the soluble body which 
ought to bo deposited is not; then the liquid contains in solution 
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a quantity of this body greater than that which it would have taken up 
if the solution had been made at once at this temperature. Neverthe- 
less, it is generally sufficient- in this caso to shake the solution, when 
the excess of the body dissolved becomes crystallized. Solutions 
which are in the above condition are said to be super-saturated. 

To obtain them it is necessary to keep them from contact with 
air while they are cooling. This can be done either by enclosing them 
in a tube hermetically sealed, or by covering them with a coating of 
oil, or by simply placing them under a bell-glass. Tn the first caso it 
is sufficient to break the end of the tube which contains them ; and in 
the second, to agitato the liquid with a glass rod, to bring about the 
crystallization. 

The experiment, succeeds very well with sulphate of sodium. We 
pour into a gloss tube a solution of this stilt, saturated while hot, 
taking care to fill about ~ H of the tube ; wo then boil the liquid to 
remove the air, and during the boiling we hermetically close the con- 
tracted part. Then we can let, the apparatus (fig. 12) cool without the 


./x. 


\ 



sulphate of sodium becoming crystallized ; but if wo break the end of the 
tube crystallization takes place immediately, and the liquid becomes a 
solid mass. 

When a super-saturated solution has been obtained by protecting it 
from the air either by means of a coating of oil or by a bell-glass, certain 
curious phenomena arc observed : thus, if a glass rod be placed in sucli 
a solution, it instantly crystallizes. The rod loses its property when 
hot, or if after being heated it is protected from the air while cooling. 

Jf a current of ordinary air be made to pass through a super-saturated 
solution, crystallization takes place immediately. But the air will no 
longer produce the crystallization if, before passing into the solution, 
it- goes through a hot tube, or traverses a scries of empty U-shaped 
tubes, or bo sifted by passing through cotton. 

These facts seem extraordinary at first sight, but are very easily 
explained. 

The crystallization of super- saturated solutions* is owing to tho 

f 2 
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solid particles which become deposited on the objects exposed to tho 
air, or which the air holds in suspension. Moreover, it has been 
shown that, in order that powders may possess this property, they must 
contain traces of tho matter that constitutes the super-saturated solution. 
These solutions are the most sensitive re-agents imaginable for determin- 
ing whether air contains the bodies of which they are composed or not. 

When the air is sifted or made to pass through the series of tubes, it 
is deprived of its powders, and when it is heated, those powders which 
might, produce crystallization lose their crystalline form, and with it 
their power of serving as nuclei for crystals. 

Solubility of Gases. —The laws we have just studied apply to the 
solubility of solids, but not to the solubility of gases. When a liquid 
dissolves a solid, the affinity between the two substances alone deter- 
mines the change of state of the solid, and as this change requires 
caloric, lieat favours the solution. 

When it is a gas that is dissolved, iho affinity of the liquid for the 
gas again determines the change of state, but in inverse order. This 
new change of shite, instead of being accompanied by an absorption of 
heat, is accompanied by its disengagement. It is evident from this 
that, if it be heated, an e licet will be produced the reverse of that which 
results from the affinity of the two bodies ; that is to say, the solution 
will be destroyed. What reasoning would lead us to expect, exyieri- 
ment demonstrates. The quantities of gas dissolved in a liquid 
decrease with the elevation of the temperature ; and when this becomes 
sufficiently high, t lie whole of the gas again becomes free. 

On the other hand, when we compress gases, we bring their mole- 
cules nearer together, and the increase of the attractive force which acts 
between them, is the result. In cumprcssing gases, the same effect is 
produced as if tlioy wore cooled. This is so true, that we can liquefy 
gases by pressure alone. 

Wo thence conclude that pressure, like reduction of temperature, 
ought to favour the solution of gases, and here again reasoning is con- 
firmed by experiment.. 

Oases, in fact, dissolve in proportion to the pressure. When this 
becomes two, three, or four times greater, Ilie weight of gas dissolved 
also becomes two, three, or four times greater. 

We ran explain this principle by saying that a liquid at a given 
temperature always dissolves the same volume of a gas, whatever may 
be the pressure. As the weight of a volume of gas is in proportion to 
the piessuro which it supports, it is evident that the two expressions 
arc the same. 

In Seltzei water we have an example of the action of pressure oil 
the solubility of gases. This water has been saturated wilh carbonic 
anhydride under a pressure of f> atmospheres. W hen wo place it in 
communication wilh tho ordinary atmosphere, the pressure diminish- 
es £> i of the gas dissolved is disengaged, and produces considerable 
effervescence. 
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Let ns seo what occurs when a liquid acts not on a single gas, but 
on a mixture of several gases. 

Let there bo a mixture of two gases A and B, of which A forms J 
and B J- ; if, the volume remaining the same, the gas B were to dis- 
appear, the gas A would occupy all the space, and would consequently 
havo a pressure 5 times less than that of the original mixture. It 
would then be capable of being dissolved in proportion to this pres- 
sure. Let us call the quantity which would become dissolved P. 

If the gas A disappeared, B would occupy the space and would havo 
a pressure which would be the J of that of the mixture. It could bo 
dissolved in proportion to this pressure. Let P' be the quantity which 
would become dissolved. 

We know that when the two gases arc mixed, the respective quan- 
tities of A and B which are dissolved arc equal to P and to P\ 

\Y T o explain this by saying: when a liquid acts on a mixture of 
several gases, it dissolves of each of them that quantity which would 
be dissolved if this gas were alone in the mixture, with that pressure 
which belongs to it. 


WATER OF INTERPOSITION— AVATER OF CRYSTAL- 
LIZATION-WATER OF CONSTITUTION. 


When a body crystallizes, it sometimes happens that the crystals 
placed over one another contain a certain quantity of the mother 
liquor (the solution in which the crystals were formed). In this case, 
the water enclosed presents no constant relation with the crystal. It 
is found in the state of a simple mixture, and is called water of inter- 
position. 

On the contrary, many crystals contain water in definite proportions 
and in the state of real combination. This combined water bears the 
name of water of crystallization. 

The same body can crystallize with different proportions of water, 
according to the conditions under which the crystals are formed ; thus, 
sulphate of magnesium crystallized at the ordinary temperature retains 
7 molecules of water and answers to the formula — 



in which aq. represents a molecule of water of crystallization. The 
same salt precipitates from its solution below 0° with 12 molecules of 
water and answers to the formula — 


SO 2 " 

Mg 


j-0 2 + 12 aq. 


W ater of crystallization does not seem to act any r important part, in 
the constitution of the body with which it is united. When it is 
driven off by the application of heat, on redissolving, the body can 
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again bo crystallized, and will then regain all the water that it lost. 
In this case we observe that none of its physical or chemical properties 
have been modified. 

This water, on the contrary, has a very important influence on the 
form of the crystal: if it be driven off by evaporation, the crystal is 
destroyed. 

Bodies which contain water of crystallization, and whoso solubility 
increases with the temperature, sometimes give rise to a singular phe- 
nomenon. When they are heated, they dissolve in their water of crys- 
tallization, and seem to melt; if we continue the application of heat, 
the water evaporates, and the body regains the solid state. It is only 
at a much higher temperature that the body really melts. This appa- 
rent fusion has received the name of aqueous fusion, in opposition to 
the real fusion, which is called igneous. 

There arc crystals which may wholly or partly lose their water of 
crystallization by simple exposure to the air, and which at the same 
time fall to powder ; they are called efflorescent. Sulphate of sodium 
has this property in a very high degree. 

Other bodies, on the contrary, have such affinity for water that they 
seize upon that which the atmosphere contains in the state of vapour ; 
lliese are called deliquescent. Carbonate of potassium is among the 
number; on leaving it for several days in contact with the air, instead 
of a solid body we find a syrup) 7 solution. 

It, has boon asked whether the water exists in crystals in the liquid 
or in the solid state. The specific heat of ice differing from that of 
water, enables us to solve the. problem. 

Wo know that the quantity of heat necessary to raise 1° the temper- 
ature of a compound, is equal to the sum of the quantities which each 
of its components absorbs, if, therefore, we call M, M\ M" the masses 
of three bodies, and (■, C\ C" their specific heat, the quantity of heat 
capable of raising i° M + M' -f M" will be MO + M'O' 4- M"0". The 
quantity of heat which will raise the united weights of the compound 
1°, that is to say, the specific heat of this latter, will he 

MO + M'O' + M"0" 

M + M' + M" ’ 

Hydrated crystals have a capacity for boat which is represented bv 

MC 4- M'( J 

M + M' ” 1 rc l )resont * 1J g l»y M and M\ 0 and C' the masses and the 

capacities for heat respectively of the anhydrous body and the water, 
always making O' equal to the specific! heat of ice. It is therefore in 
the solid state that water exists in crystals. 

To determine the proportion of water of crystallization which 
crystals contain, we weigh a certain quantity of the crystals reduced to 
powder ; let 1’ bo its weight. Then we place it in a stove boated to 
100° by boiling water, or by oil to 120°, 140°, 200". etc., according to 
the facility with which it becomes dehydrated. We prolong the 
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action of heat until two successive woighings indicate no further loss 
of weight ; let V be the weight of the dried matter, P — 1*' represents 
the water of crystallization. Knowing these numbers, we can deter- 
mine, by proportion, the weight of the water which is combined with 
a molecule of the anhydrous body. Q being the molecular weight of 

O x (V — 1 V I 

the body, then, P : P — P' : : Q : x ; therefore x = — -p 

On dividing x by the molecular weight of the water, that is to say by 
18, wo learn what is the number of molecules of water combined with 
a molecule of the body, and then arrive at the formula of the crystal. 

Sometimes bodies lose water under the influence of heat, and crystals 
sometimes not only lose their water, but become so altered in their 
properties that, when redis, solved in water, they will not regain their 
primitive characters. 

The formula of citric acid crystallized in the cold is C'lT'O 7 + nq. 
At 100" it loses its water of crystallization ; but if it bo heated more 
strongly, it will also lose a molecule of water. Then its formula 
becomes OMPO 8 . 

The dehydrated compound constitutes a new acid, aconit.ic acid, 
entirely different from citric acid, and incapable of reconstituting this 
latter under the influence of water. 

The water whose elimination determines a change in the nature of 
bodies is called i cater of constitution. Does it exist ready formed in the 
molecules of the compounds which lose it? We do not know; but it 
is probable that it is formed at the time the crystal is heated, by tho 
union of a part of the hydrogen with a part of the oxygen which it 
contains. It is believed that the action of heal may produce a similar 
modification in a complex mgleculc, and to explain the phenomenon 
it is not necessary to admit that the water exists ready formed in 
the molecules in question. 


POLYMORPHISM -ALLOTROPY— I SOMEHTSM. 

Nothing is less easy than to define these three words and to deter- 
mine exactly their respective acceptations. 

There exists a vast series of phenomena, of which polymorphism 
constitutes the first, term, allotropy the intermediate, and isomerism 
the extreme term. Now when wo divide a series into several parts, 
we assign to each certain distinctive characters taken from their 
medium terms ; as to the extreme terms, they always participate in 
the properties of the groups which separate them ; therefore the groups 
of which we speak cannot he absolutely distinguished by special 
characteristics. It is therefore nocessary, in order to define polymor- 
phism, allotropy, and isomerism, to give a clear idea of these three ex- 
pressions, even if wo leave out certain facts of which the classifica- 
tion is difficult, an inherent defect in tho system of classification. 

Solids which crystallize in different conditions sometimes crys- 
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tallizc in two different systems : they are then called polymorphous. 
Sulphur, which crystallizes from its solution in octahcdra of the fourth 
system, when crystallized by means of fusion forms prisms having a 
rhombic base, of the fifth system. This is a polymorphous body. 

The woid polymorphous, created for the differences which are pre- 
sented by bodies in their crystallization, has received a greater exten- 
sion. M. Dumas has applied it to the changes of colouring and consist- 
ence which are produced by the action of heat. 

We can thence define polymorphism: The family possessed by bodies 
chemically identical , of having physical properties differing according to the 
conditions in which they are placed. 

Again, a body placed in different conditions may undergo modifica- 
tions in its physical and also in its chemical properties; in this case 
wo have the phenomena of allotropy or isomerism. 

These two latter terms are nevertheless far from being synonymous. 

After having carefully studied the different, acceptations in which 
theso two words have, been taken, I am convinced that chemists have 
instinctively designated under the name of allotropy, eases in which, 
although the body possesses different, chemical properties, wo can provo 
that it is always the same body modified. 

On the contrary, we call isomeric, bodies entirely dislinct, but having 
the same qualitative and quantitative composition. 

Thus phosphorus being heated, changes its properties, as we have 
already had occasion to show ; this change even affects its chemical 
properties. If we heat it. still further, the phosphorus regains its 
original properties. Phosphorus can therefore exist in two different 
states, but it is always phosphorus. This is a phenomenon of allo- 
tropy. 

Let ns now compare the formiate of ethyl C 8 1 FO* with acetate of 
methyl CTPO*. 'Hi esc two bodies have the same composition, but 
they can never be transformed one into the other ; more, if we destroy 
their molecules by meaus of the same re-agents, tlic products we 
obtain are quite different. Formiate of ethyl and acetate of methyl are 
two perfectly distinct bodies ; two isomeric bodies. 

Chemist s have felt, without having determined, that herein lies the 
difference which exists between allotropy and isomerism. When they 
wish to designate facts of allotropy, they give to the bodies in which 
they are observed an invariable} name, and say that it assumes several 
states, while they give? perfectly distinct names to isomeric bodies. 

Two names are not given to sulphur, to phosphorus, to per-hydrate 
of iron ; we say that each of these bodies exists under two distinct 
allotropic states, but wo designate by different names formiate of ethyl 
and acetate of methyl; aldehyd and oxide of ethylene also, which 
liavo each the fonnula C*II 4 0, etc. 

An example taken from natural history will illustrate my idea: 
allotropy only makes races ; isomerism creates distinct tgmeies. 

To sum up, we ought to understand by allotropy : 
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The property in virtue of which the name body can have different chemical 
characters . 

And l>y isomerism : 

The fact that different bodies may present an identical qualitative and quan- 
titative composition . 

Originally, the word allotropy was only applied to elements, later it 
was also applied to some compounds; we will apply it to all bodies, 
but keep ourselves within the limits of preceding definitions. Certain 
reputed isomeric compounds will therefore only be in our view alio- 
tropic modifications of one and the same body; we will only give one 
example : tartaric acid which turns the plane of polarization of light 
to the right, tartaric acid which turns it to the left, and that which 
docs not deviate it at all, are not in our eyes three isomeric compounds, 
but the saino compound which assumes several allotropio states. 

Isomeric bodies may present between themselves relations of different 
composition ; thence the several classes of isomcndcs. 

These classes, according to M. llertlielot, are five in number ; but 
we w'ill only retain four, because in the fifth, under the name of 
physical isomerism, 2M. llerthclot places that which is generally called 
allotropy. 

Fiust Class. —This contains bodies which liavono other relation than 
their identity of composition, without our being able to observe the 
least analogy in their metamorphoses. Their molecules correspond 
to formulas, sometimes identical, and sometimes multiples the one of 
the others. 

These bodies are isomeric by equivalent composition . — We will take for 
example aldchyd and oxide of ethylene, of which the common formula 
is (C'lPO); lactide and acrylic acid, which both have for formula 
(C a lP0 4 ); lactic acid, which answers to the formula (C :, II u O r ‘) ; and 
glucose (C a H l4 O e ), double the preceding one. 

Second (’lass. — H ere we find compounds formed by the union of 
different components, but presenting such relations to each other that 
by the act of combination a species of compensation is established ; one 
of the generators of one isomeric body possessing most what the other 
possesses least, relatively to the generators of the other isomeric body. 

These are isomeridcs by metamerism,— The facts of this older are nume- 
rous. Formiate of ethyl and acetate of methyl furnish us an example. 

In formiate of ethyl ^59 j 0^, the acid radicle (CIIO) contains an 

atom of carbon and two atoms of hydrogen less than the acid radicle 

(C"li 8 0) of acetate of methyl ^ j 0 ^ ; but, on the other hand, the 

radicle methyl (CIF), which is in the second of these bodies, contains 
(JIF less than the radicle ethyl (C a IP) which acts in the first. To 
sum up, the two compounds contain therefore the same number of 
atoms of each component element. 

Tin no Class. — T his contains an entire group of substances of which 



74 


PRINCIPLES OF CHEMISTRY. 


the properties are alike and the centesimal composition identical, but 
of which the molecular composition is different ; the molecular weight 
of one being a multiple of the molecular weight of others. 

lltesc are isomer ides by polymerism. — As an example we give : ethylene 
(0*1I 4 ), propylene (C 3 1I 6 ), butylene (C 4 II K ). 

Fouitru Class. — In this arc classed bodies which have the samo 
centesimal composition and the samo formula, and which moreover 
present this same general system of inactions ; but which remain distinct 
by a certain number of physical and chemical properties which they 
retain, or at least some of them, in passing through thoir combinations. 

These are ixomerides properly so called . — Uresylic phenol and benzilic 
alcohol, which have the formula (0 7 1I H 0) ; toluic acid and alpha-toluio 
acid, whose formula is (0 H H“0 2 ), belong to this class.* 


CLASSIFICATION OF BODIES. 

As we have already had occasion to say, simple bodies have been 
classed in such a series that each body therein is electro-positive 
reliit.ivoly to tlic elements which precede it, and electro-negative . to- 
wards those which follow. 

As this series neither indicates the analogies nor the differences of 
properties which the bodies present, we cannot rationally apply it to 
their study. 

Bodies have been also divided into metalloids and metals, and then 
each of these classes subdivided. The characters which servo to 
establish this division are far from being siifiieient. 

Tins only natural classiiication would consist in making several 
families of all the simple bodies, each of which families should contain 
I hose bodies which have the same atomicity. Then the bodies should 
be arranged in each family on the principle of the electric scries. 

Thus flic first family would contain monatomic bodies : fluorine, 
chlorine, bromine, iodino, hydrogen, silver, lithium, sodium, potassium, 
ruhidimii, cmsiuni, and perhaps thallium whose place is not yet quite 
determined. Each of these bodies is electro negative to those 'which 
■follow and electro-positive to those which precede it. 

We will, however, confine ourselves to that classification which 
divides bodies into metalloids and metals, and will only add to the 
former certain elements up to this time reputed metals, and which, 
according to the researches of M. Marignac, cannot bo separated from 
silicon. In making any further subdivisions, wo will take as basis tlic 

* To those* different classes of isomerism M. Berthelot adds Kcnomerism, or m>- 
merism of 1todi.es formed by the elimination of different or identical elements at the 
cod of distinct vom^mnds. Tims aldehyd and oxide of ethylene, which have both for 
formula (C'M 4 Oj, und which are derived, the first from alcohol (C'H ’O), by elimina- 
tion of II 2 , aud the soeoud from glycol (0-H 4i 0 2 y, by elimination of U 'O, would be 
kcnomcric bodies. We have not retained this class of isomerism, which is only based 
on tlic constitution of bodies, and the creation of which seems to us to be arbitrary. 



SUBDIVISION OF METALLOIDS. 


75 


atomicity of bodies. Nevertheless several exceptions to this general 
rule will ho necessary, and sometimes we shall have to classify certain 
bodies, not by their absolute atomicity, but according to their most 
ordinary quanti valence. Wc shall do this whenever the absolute atom- 
icity is only manifested in rare cases, as takes place with oxygen, sul- 
phur, selenium and tellurium, which arc in reality tctratomic, but 
which nearly always act as bivalents, and with iodine, which in most 
cases acts as monovalent, though it is triatomic. 

The following table shows tho differences which distinguish metal- 
loids from metals : — 


Metalloids. 

1. Rover.il metalloids arc gaseous. 

2. Metalloids have not tlie lustre called 

metallic. 

3. Metalloids are bad conductors of 

beat and electricity. 

4. Metalloids have a density relatively 

low. 

5. Oxides of metalloids, on combining 

with water, ordinarily produce 
acids, seldom bases. 

(J. Metalloids are always eleetro-ncgn- 
tive in the compounds which they 
form on uniting with metals. 


Metals. 

1. Them is no gaseous metal. 

2. Metals possess metallic lustro. 

3. Metals are good conductors of elec- 

tricity and heal. 

4. Metals have a density relatively 

high. 

3. Oxides of metals, on combining witii 
water, produco liases, seldom 
acids. 

(>. Metals are always electro-positive 
in tho compounds which tiny 
form on uniting with metalloids. 


Subdivision of Metalloids. — Wc will divide the metalloids into live 
natural groups, our classification being that of M. Dumas, slightly 
modified. 

First Group. — Contains monatomic metalloids; they are: chlorine, 
bromine, iodine, fluorine, and hydrogen. 

Swjond Group.— Contains biatomic metalloids; which arc: oxygen, 
sulphur, selenium, and tellurium. 

Third Group. — At present only contains one metalloid, boron, which 
is triatomic. 

Fourth Groui*— In this we classify tho tctratomic metalloids: silicon, 
zirconium, titanium, tin, and thorium. 

frii'Tii Group.-- T his contains the penlatomic metalloids, which 
arc: nitrogen, phosphorus, arsenic, antimony, bismuth, uranium, 
tantalium and niobium. 



PART SECOND. 

SIMPLE BODIES AND THEIR PRINCIPAL COMPOUNDS. 


METALLOIDS. 


FUtST (UtOUF (MONATOMIC METALLOIDS). 


CHLOBIXTE | 

Atomic weight - 35 'fi. Molecular weight — 71. 

Chlorine may be obtained either by heating binoxido of manganese 
with hydrochloric acid, or by healing the same oxide with a mixture 
of sulphuric acid and chloride of sodium. 




First I'nocias. 


^MnO 2 ^ + 4 

(Si) 

+ 

^ SL 

•s n 

II 

2 (ii}°) + SI 

Jlituixide Hydrochloric 

of manganese. arid. 

Chloride of 
manganese. 

Water. Free 

Chlorine. 



Second Process. 



+ 

Hr j o- ) + 

2 (raj) ‘ 

lJinoxide of 
manganese. 


Sulphuric acid. 

Chloride of 
sodium. 


+ 1 

rSoa, 'ioA 4. 
(K* 1 f ) + 

SI + *(?!}<•) 

Sulphate of 
mungmicsc. 


Sulphate of Free Water, 

sodium. Chlorine. 


Chlorine is gaseous under ordinary conditions. It becomes liquefied 
under a pressure of five atmospheres ; its colour is a greenish yellow j 
its density in the gaseous state is 2 44, and in the liquid state 1*33. 
Owing to its great density, if gaseous chlorine be disengaged in a tube 
terminating attho bottom of a vase, the air will be gradually displaced 
and tho vase filled with pure chlorine. 

Chlorine dissolves in about the third of its volume of water. To 
obtain a saturated # solution we use Woulfe’s apparatus (fig. 13). This. 
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consists of a scries of bottles, 0, T), E, F ; each bottle having three 
tubes : the first, placed in the middle, goes to the bottom of the vessel, 
and its top terminates in a funnel, for the purpose of introducing 
water. Moreover, if, in consequence of the temperature being 
lowered, the pressure diminishes in one vessel, the liquid of the next 
would have a tendency to rise through one of tho lateral tubes, and to 
pass into the first bottle. Tho tube in the centre prevents this accident : 



when the gas becomes rarefied in one vessel, tho air enters by this tube, 
and the pressure is re-established. The middle one, for this reason, is 
called the safety tube. The two others pass through necks at each 
side. Thckfirst, plunged to the bottom of tho liquid, brings the gas to 
be disBol'jW ; the other stops just below the neck, and consequently 
does not fS|ick the liquid, so that it may furnish a free passage for tho 
gas which has not been dissolved to pass on to the succeeding bottlos. 

In the caso of chlorine, tho tube which terminates tho apparatus 
should pass into a vessel containing milk of lime, to absorb tho excess 
of chlorine and to prevent its irritating effects. 

When a solution of chlorine is cooled to 0° crystals aro obtained 
which contain 28 parts of chlorino and 72 of water, which nearly 
corresponds to tho formula Cl*. 1011*0. These crystals, enclosed in 
a tube hermetically sealed, decompose when heated, and the gas set 
freo, which is developed in too largo a quaniity to be dissolved in 
the water, is compressed to liquefaction. Then tho tube contains two 
strata : one, liquid chlorine ; the other, water saturated with this 
metalloid. 

Chlorine combines directly with hydrogen under the influence of 
light; when tho mixture is submitted to sunlight tho reaction is 
instantaneous, and an explosion is the consequence ; in diffused light, 
on the contrary, it roquires rather a long time. In total darkness tho 
combination does not take place unless chlorine which has been pre- 
viously exposed to sunlight (insolated) be employed : in the latter 
caso it is equally instantaneous. Insolated chlorine also differs from 
ordinary chlorine by other properties. It disengages more heat in 


78 


PRINCIPLES OF CHEMISTRY. 


reacting on potash; and even when the solutions of this base are 
largely diluted it forms chlorate of potassium, which would not occur 
with normal chlorine. Insolated chlorine is, therefore, an allotropic 
state of chlorine. 

Chlorine combines directly with most metals, and particularly with 
mercury, and this prevents it from being collected over that liquid. 

Arsenic and antimony take fire spontaneously when they are placed 
in a vessel filled with chlorine. Copper also bums when it is previ- 
ously heated. Phosphorus inflames in it spontaneously. 

If chlorine and aqueous vapour be passed into a tube of porcelain 
red hot, the water is decomposed, oxygen is sot free, and hydrochloric 
acid is formed ; in the cold, and under the influence of light, the so- 
lution of chlorine undergoes in time a similar decomposition. 

In presence of water chlorine acts as an energetic oxydizer; it 
appropriates hydrogen, and sets oxygen free, which, in the nascent 
state, has very strong affinities. 

By this means wo can easily transfonn sulphurous into sulphuric 
acid. 



Sulphurous Clilorino. Water, 

udd. 


KfVr) ♦ (S». 

I fyilrwhlork* Sulphuric 

m-id. acid. 


Chlorine, by acting on organic substances, modifies them greatly, on 
account of its affinity for the hydrogen which these substances contain. 
It destroys colouring principles and miasmata. These two properties 
arc utilized. Jn trade its decolorizing action is applied for bleaching 
linen and cotton goods. In medicine it is used as a disinfectant. 


BROMINE j|jj 
Atomic weight — ho. Molecular weight ^ J60. 

Bromine is obtained by a process analogous to that used for chlorine ; 
viz., by beating a mixture of bromide of sodium, peroxide of manganese, 
and sulphuric acid. The vapour is collected in a cold receiver. As 
bromine acts strongly on cork, it is necessary to uso apparatus in 
which all the pieces arc ground to fit exactly. 

Bromine is liquid at the ordinary temperature. Tts colour is ai 
deep reddish brown ; at — 20° it becomes solid, and forms grey 
lamina? ; about 47° it is converted into a yellowish vapour. 

The density of liquid bromine is 2*07, and of bromine vapour 5 30. 

The odour of this body is very irritating, and strongly affects the? 
organs of respiration. ' 

Bromine combines with water at 0°, forming a crystalline hydrate. 
This hydrate is decomposed at 1 5° or 20°. 

The affinities of bromine are of the samo nature as those of chlorine,: 
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but it combines with oxygen with greater energy, while with all other 
bodies it combines with less energy. The result is that chlorine dis- 
places bromine in all the compounds the latter forms, excepting with 
oxygen, and that bromine displaces chlorine from its oxygenized 
compounds. 

COMBINATION OF CHLORINE WITH P>BOMlNE. 

Wo only know one chloride of bromine which lias not been well 
studied. It is formed by passing chlorine gas through liquid bromine. 


IODINE Jj> 

Atomic weight = 1-7. Molecular weight = 254. 

This metalloid can be obtained cither by decomposing a solution of 
iodide of sodium by a current of chlorine, and collecting on a filter tho 
iodine which is precipitated, or by tho same reaction as chlorine and 
bromine, substituting a metallic iodide for tho chlorides and bromides. 

Iodine is solid, crystallizing in greyish scales, which have a metallic 
lustre. It melts at 107° and boils at 180°. Its vapours have a beauti- 
ful violet colour. The odour of iodine is something like that of chlo- 
rine, but is much fainter, and can be better tolerated. 

Pure water only dissolves u of its weight, but it dissolves con- 
siderable quantities when it contains in solution cither iodides or hy- 
draulic acid. Alcohol, ether, benzine, chloroform, and tho essences 
dissolve iodine readily. 

The density of iodine is 4*95 ; its vapour density 8*710. Iodine stains 
paper and the skin brown ; but the discoloration is not permanent. 

The smallest quantity of iodine colours starch paste a beautiful 
blue. 'Hie colour lades away if the solution he heated, and the liquid 
regains its colour on cooling. 

The affinities of iodine are of the same nature as those of chlorine 
and bromine, but it has a stronger affinity for oxygen than these bodies, 
and a weaker affinity for all other elements. Tho rosult is that, while 
chlorine and bromine displace it from all its non -oxygenized combina- 
tions, it displaces them from their oxygenized compounds. 

Iodine is a much-used and valuable medicine ; it cures goitre when 
this is morcly owing to hypertrophy of the thyroid body ; above all, it 
prevents this affection from developing itself. It is advisablo to mix 
iodine compounds with the food in places whero goitre is endemic. 

iodine succeeds also in scrofula and in tertiary syphilis. M. Piorry 
is said to have obtained excellent results with it in pulmonary 
consumption. 

Combinations of Iodine with Chlorine and Bromine. 

Chlorides of Iodine. — Two chlorides of iodine are known : one pro- 
tochloride (I Cl), and a perchloride (I CP). These, two chlorides are 
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obtained by making chlorine act directly on iodine. The chlorine 
must bo in excess if we want to obtain pcrchlorido, and the iodine, if it 
is the pmtochlorido we wish to prepare. 

Protoohloridc of iodine is liquid, and pcrchlorido Rolid. They both, 
in presence of a great quantity of water and an excess of chlorine, 
generate iodic and hydrochloric acids. 

Bromides of Iodine. — On combining directly bromine with iodine 
we obtain, according to the respective quantities of these bodies, either 
a solid protobromide, or a liquid perbromide. 


I FI 

FLUORINE 

/Vtomic weight — 19. Molecular weight = 3K(?) 

Fluorine exists in the compounds which are called fluorides, and 
also in hydrofluoric acid. The facility with which it attacks all bodies 
has not allowed it as yet to be obtained in a free state. 


HYDROGEN jjj 

Atomic weight =: 1. Molecular weight = 2. 

Hydrogen, combined with oxygen, is contained in water. 

| Fret*, hydrogen can be obtained by passing the vapour of water over 
Firon filings placed in a tube of porcelain heated to redness. 

"M + 4 GJ}°) - C™ 0 *) + 4 J!f 

Iron. Wuter. Magnetic oxide Hydrogen. 

of iron. 

It is, nevertheless, more convenient to displaco hydrogen from 
( cold) diluted sulphuric or hydrochloric acid by a metal, such as iron 
or zinc. 



2lnc. Sulphuric acid. Sulphate of zinc. Hydrogen. 


This operation takes place in a flask with two necks (fig. 14). Into 
one of these is adapted a tube which goes down to the bottom of the 
liquid, and allows the acid to be poured in ; in Hie other is placed 
a tube, which merely enters just within the neck, and allows the gas 
to pass out. A very diluted acid ought always to be employed in this 
operation, otherwise the sulphate of zinc, not meeting with anything to 
dissolve it, is deposited on tho metal, and preserves it from contact 
with the acid, and so prevents tho process from being continued. 

Hydrogen can also be obtained from the decomposition of water by 
potassium or sodium ; a piece of one or the other of these metals is 
wrapped in paper and introduced under a bell glass placed over mcr- 
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cury, tliore being a little water in the upper part of the glass. The 

potassium, owing to its small specific gravity, rises to the top of the 

fluids ; then the water and the mercury become lowered, the potas- 



sium (or sodium) disappears, and the bell fills with hydrogen. Hie 
reaction which takes place is the following : — 



Water. Potassium. Hydrate of Hydros'll. 

potassium. 


This reaction is too energetic to be employed for the continuous 
production of hydrogen ; but it may be moderated by employing tho 
amalgam of potassium or sodium instead of the pure metal. An appa- 
ratus is then used similar to that in which zinc is treated by sulphuric 
acid. 

Finally, hydrogen chemically pure can be obtained TTy means of tho 
galvanic battery. For this purpose, the apparatus (fig. 1f») is 


d 



Fig. 15. 


employed. Jt is a glass flask with a hole at tho bottom, into which is 
cemented a wire of platinum a covered with a layer of zinc amalgam. 
The flask is thon filled up to the level of the neck S^with water acidu- 

G 
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lated by pure sulphuric acid. This neck is closed by a stopper through 
which passes: 1st, a platinum wire d; 2nd, a disengagement tube E. 
In the course of this latter a larger tube is interposed full of chlorido 
of calcium— a substance having a great affinity for moisture— for the 
purpose of drying the gas. The platinum wire d passes into the liquid 
and is terminated by a hook C, to which is suspended a sheet of the 
same metal. On placing the wire d in communication with the nega- 
tive pole of a battery of two colls, and the wire a in communication 
with the positive pole of the same battery, pure hydrogen is disen- 
gaged at 0. 

. Hydrogen gas has not been liquefied under any pressure or at any 
(temperature. It is colouiless, inodorous, and tasteless ; its density is 

Water dissolves about r J„- of its volume. Hydrogen is highly com-t 
bustiblo. If it be disengaged through a very slender tube and lighted^ 
it burns with a very hot but not a bright flame ; an apparatus made! 
on this principle is called the philosophical lamp. The flame deposits 
vapour of water on cold bodies, which shows that water is com- 
posed of hydrogen and oxygen. 

When a glass cylinder, open at both ends, is placed round the flame 
of hydrogen, a sound is heard which may be made sharper or duller by 
sinking the cylinder more or less. This is owing to a scries of vibra- 
tions which take place in the cylinder in consequence of the formation 
and sudden condensation of a certain quantity of aqueous vapour. 

Hydrogen, which docs not generally ignite in air unless it is 
brought in contact with an ignited substance, in- 
flames spontaneously under the influence of spongy 
platinum.* An apparatus has been constructed on 
this principle by which light is easily obtained, 
which is called the hydrogen lamp (fig. 16). 

This apparatus consists of a lower receiver, which 
has an opening at the top and one at the side. At 
the bottom of the interior of this receiver a large 
hollow cylinder of zinc is placed B. A second 
receiver A, which has an opening at the top, closed 
by a ground stopper, and terminating at the lower 
part by a long tube D open at the end, is placed over 
the first, so that the open end of the tube which ter- 
minates it passes deeply into the zinc cylinder. 
The upper end of this tube is accurately fitted into tho higher open- 
ing of the lower receiver. 

Finally, this latter receiver has at E a tube with a stopcock, and 
opposite the opening of this is a sponge of platinum F. 

The apparatus acts in the loll owing manner: 

If, tlie stopcock E being open, wo pour dilute sulphuric acid into the 

♦ Wo call “spongy ” platinum the spungy mass of platinum which is obtained on 
decomposing ceituin compounds of this metal by boat. 
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receiver A, the acid falls by the tube into the lower receiver, and acts 
on the zinc, on contact with which it gives rise to a disengagement of 
hydrogen. The gas escapes by the tap E, strikes against the platinum 
sponge, and ignites. If we wish the apparatus to cease acting, we 
close the tap E, taking caro to keep open the stopper of the vase A ; 
the gas produced in the lower vessel, finding no means of exit, is 
compressed, it presses on the liquid contained in this vase, and obliges 
it to rise in the tube 1) and the receiver A. 

The zinc and sulphuric acid thus becoming separated, chemical 
action is arrested. When wo again causo the apparatus to act, we 
merely open the tap E ; the pressure of the gas in the lower receiver 
ceasing at once, the liquid again descends into it and the disengagement 
of gas recommences. 

Therefore, whenever we want a light we have only to open the 
stopcock. Unfortunately, the platinum spongo soon loses its power of 
igniting the gas if care be not taken to renew it from time to time by 
making it red hot. Ihis prevents this apparatus from being em- 
ployed in domestic use. 

A mixture of hydrogen and oxygen explodes when ignited. The 
most violent explosion is obtained from the mixture of two volumes 
of hydrogen with one of oxygen. If the two gases be placed in 
separate gasometers, from which their flow can bo regulated, and both 
made to pass in the above proportions into a tube of very strong 
metal containing several disks of metallic gauze, the mixture as it 
comes out of the tube may he lighted without danger. The flame 
obtained gives a temperature of about 2500"; a similar jet ignited, 
and directed on to a piece of chalk, renders it incandescent, and 
produces a bright light, which has been called Drummond’s, or the 
lime light. 

Hydrogen bemg very sparingly soluble in water may be collected 
over this liquid ; but if it is wanted dry, it must be collected over 
mercury. 

It has been stated that hydrogen, disengaged by galvanism at a low 
temperature, is more active than that obtained by the ordinary processes, 
but this fact has not yet been sufficiently demonstrated. 


Combinations of Hydrogen with Chlorine, Dkomine, Iodine, 
and Fluorine. 

Hydrochloric Acid ^,j|. — Hydrochloric acid is obtained by gently 
heating chloride of sodium with sulphuric acid. 

*.(?}) + (TpW » (■£}<») 

GliloriiJe of Sulphuric acid. Sulphate of Hydrochloric 

fsotlium. sodium. acid. 

It can also be obtained by leaving a mixture of equal volumes of 
chlorine and hydrogen for twenty-four hours iri diffused light. 
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Hydrochloric, acid is gaseous, but it can bo liquefied under the 
influence of strong pressure ; its density is equal to tho mean of the 
densities of its components ; it is colourless, and has a very irritating 
odour. 

Hydrochloric acid is very soluble in water. This liquid dissolves 
about 500 limes its voluino. The solution constitutes a very acid 
liquid, giving off fumes when exposed to the air, and is obtained by 
means of Woulfi s apparatus ; when distilled, it loses part of its hydro- 
chloric acid, but another part remains intimately combined with tho 
liquid. 

On account of its great solubility in water, hydrochloric acid gas 
should be collected over mercury. 

The solution of hydrochloric acid can be exposed for any length of 
time to the air without decomposing. At a red heat, oxygen decom- 
poses this acid by setting its chlorine free ; but, in order to inako 
this operation succeed, a great excess of oxygen in proportion to the 
chlorine must be employed. Wo Lave seen that, in the inverse condi- 
tions, chlorine decomposes water. 

Hydrochloric acid does not act on mercury, but it dissolves potas- 
sium, sodium, iron, zinc, etc., with great facility, and then a chloride 
is formed and hydrogen is disengaged. 

Iodine and bromine have no action upon this acid. 

Rases and basic anhydrides react on it, giving rise to metallic chlo- 
rides and water. 



Hydrochloric Hy drain of Chloride of Water, 

add. potassium. potassium. 


^ 2 (S!) + (Sf°) - »(§“}) + (n )°) 

Hydrochloric Anhydrous oxide Chloride of Water, 

acid. of sudium. sodium. 

Added to the solution of a salt of silver, hydrochloric acid produces 
a white precipitate of chloride of silver which is quite insoluble in 
water. 

5} + (5° }-°) = (h°}°) + of} 

Hydrochloric Nitrate of Nitric acid. Chloride 

acid. sliver. of silver. 

The composition of hydrochloric acid can be determined analytically 
and synthetically. 

Analytical!,*. — A known volurno of this acid, in a gaseous state and 
perfectly dry, is introduced into a curved tube placed over a cup of 
mercury (fig. 17) : in tlie curved part of this tube is placed a globule 
of sodium, and heat, is gently applied. Tho metal takes the chlorine 
and sets free puro hydrogen. This hydrogen only occupies half the 
volume which wes occupied by the hydrochloric acid gas. 
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If from tlie density of hydrochloric acid . . . 1*2474 

we subtract half the density of hydrogen . . . 0*0345 

there remains 1’212‘J 

which is about half the density of chlorine. 


A volume of hydrochloric acid gas contains therefore liali a volume 



of chlorine and half a volume of hydrogen united without conden- 
sation. 

Synthetically. — Two known volumes of hydrogen and chlorine are 
mixed, taking care that the hydrogen bo in excess ; they must be 
left for twenty-four hours in diffused light, and then the hydrochloric 
acid produced must bo absorbed by potassium. The gas which 
remains is pure hydrogen, of which the volume must be determined, 
and this, subtracted from the volume of hydrogen which the mixture 
contained, gives the combined hydrogen. Then, as a volume of chlo- 
rine takes a volume of hydrogen to form hydrochloric acid, and as 
moreover no contraction is observed during the combination of lliese 
gasos, the conclusion arrived at is, that a volume of chlorine, on uniting 
with a volume of hydrogen, gives two volumes ol hydrochloric acid. 

From this knowledge of the volumes which enter into combination, 
it is easy to arrive at their composition by weight ; and if we consider 
that tho weights of equal volumes of chlorine, hydrogen, and hydro- 
chloric acid are proportional to the respective densities of these gases, 
we can place the proportions : 

1 .91 90 v 100 

1*2474 : 1*2129 : : 100 : a; that is to say, a = ^4*4 = 97 ’24 

and 

1*2474 : 0*0345 :: 100 : a? ; that is to say, a? = = 2*70 

1*2474 

which gives for tho centesimal composition of hydrochloric acid : 


Chlorine 97*24 

Hydrogen 2*70 


100*00 
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Hydrochloric acid diluted with water is sometimes employed in 
medicine to make rubefacient footbaths. 

Hydrobromic Acid. — Pure hydrobromic acid cannot bo obtained by 
making sulphuric acid act on a bromide, as sulphuric acid partially 
decomposes hydrobromic acid. 

It is obtained by causing water to act on the bromide of phosphorus. 

('•»-) + »(S}o) - + .£}) 

Ttromirlc Water. Phosphorous Hydrobromic 

or phosphorus. urid. ociil. 

The operation is usually conducted so that the bromide is produced 
and destroyed in the same process : the bromine is made to fall drop 
by drop into a vase which contains amorphous phosphorus and 
water. 

Hydrobromic acid can also bo obtained by the direct action of 
bromine on hydrogen ; but in order that the combination may take 
place, a mixture of hydrogen and bromine vapour must be subjected 
to a red heat, and even then it is never complete. 

The properties of hydrobromic acid are similar to those of hydro- 
chloric acid; nevertheless, the two following differences exist: 

1st. The solution of hydrobiomic acid exposed to air becomes 
coloured by a little of tbe bromine being set free without tho decom- 
position continuing. Nothing of the kind can be produced with hydro- 
chloric acid. 

2nd. Under the influence of chlorine, hydrobromic acid sets free 
bromine, and at tbe same time hydrochloric acid is formed. 

Ilydriodic Acid. — This acid is prepared by decomposing iodide of 
phosphorus by water. In order that the iodide of pliosphonis may be 
produced and decomposed in the same operation, a mixture of iodine 
and phosphorus, with a small quantity of water, is heated in a retort. 

Ilydriodic acid can also be obtained in solution by tho decomposi- 
tion of hydrosulphuric acid under the influonco of iodine. 

2 ( jt f s ) + 2 (if) 4 (ff) + sf 

Ilydrosulphuric iodine. Hydriodic Sulphur, 

arid. acid. 

It cannot bo prepared by direct synthesis, as iodine and free hydrogen 
do not react on each other under any conditions. 

The characters which distinguish hydiiodic acid from the two pre- 
ceding acids are tho following : — 

1st. The solution of hydriodic acid undergoes a continuous decom- 
position when brought into contact with air, and forms wator and free 
iodine. 

4 (l 1 }) + of = 2 (h f °) + 2 (if) 

Ilydriodic Oxygen. Water. Iodine, 

acid. « 
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The metalloid is at first dissolved, colouring the liquid "brown. As 
the quantity of hydriodic acid which the liquid contains diminishes 
constantly, while that of the free iodine increases, this latter body cun 
at last no longer bo held in solution, and is deposited in very volu- 
minous crystals. 

2nd. Hydriodic acid is decomposed by chlorine and by bromine, 
either of which set iodine free. 



Hydriodic Bromine. Hydrobromic Iodine, 

acid. ucid. 


On the contrary, if hydriodic acid be made to act on bromide or 
chloride of silver, hydrobromic or hydrochloric acid would be pro- 
duced, and iodide of silver. 

Sf| + ?} - * S} 

Chloride of Hydriodic Iodide of Hydrochloric 

silver. ucid. silver. acid. 


3rd. Hydriodic acid is decomposed by mercury, forming iodide of 
mercury and free hydrogen. 

'»(?!) + >*' - (?■"}) + SI 

m Hydriodic Mercury. Biniodidc of Hydrogen, 

acid. mercury. 

This property is the reason why hydriodic acid gas cannot bo collected 
over mercury, and as its great solubility prevents its being collected 
over water, it is necessary to use the same process as for chlorine, 
its great density causes it to displace air readily. 

As hydriodic acid cannot be collected over mercury it cannot ho ana- 
lyzed ; but if we subtract from its density tlio half of the density of 
hydrogen, a number remains evidently equal to the half of tlio density of 
the vapour of iodine ; moreover, this acid obeys the samo general system 
of reactions as hydrochloric and hydrobromic acids, and, like them, it is 
therefore formed of half a volume of hydrogen united, without conden- 
sation, to half a volume of the vapour of iodine. 

Hydrofluoric Acid. — This compound is prepared by the action of 
sulphuric acid on the fluoride of calcium. 


(£}) + 

Fluoride of Sulphuric acid, 

culcium. 


GS» + *(£}) 

Sulphate of Hydrofluoric 

calcium. ucid. 


The product thus prepared is liquid at the ordinary temperature, 
hut when heated with phosphoric anhydride, the water which it con- 
tains is absorbed, and hydrofluoric acid is obtained in a gaseous state, 
like its two congeners. Hydrofluoric acid has much greater stability 
than hydrochloric acid. It acts on glass, which property can be 
utilized for engraving on this body ; and by reacting on oxide of silver, 
hydrofluoric acid forms a soluble fluoride of silver# 
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Hydrofluoric acid is a powerful poison ; if a few drops fall on the 
skin they produce a hum which is slow to heal, and is accompanied by 
inflammation. 

Thoso various properties distinguish hydrofluoric acid from tho 
three preceding hydracids, to which by its other characters it is 
related. 

This analogy enables us to givo to this acid the formula | ; though 

isolated fluorine not being known, a certain analysis cannot be made, 
and tho facility with which it ads on glass has prevented its vapour 
density being determined, and consequently, also, its molecular weight. 


GENERAL REMARKS ON THE MONATOMIC METALLOIDS. 

There is little to be said concerning these bodies from a general 
point of view, that is to say, concerning any general theory of tho com- 
binations to which they can give rise. Each of them having a capa- 
city for saturation equal to 1, can only combine with a single atom of 
another monatomic body ; hence the number of their combinations is 
very limited. 

Torchloridc of iodine (IC1 3 ) seems an exception to this. M. Kekule 
supposes that it is the result of tho union of a molecule of chlorine j 

with a molecule of protochloride of iodine ^ j. According to this 

hypothesis, the chlorine would be united 1o the protochloride as tho 
water of crystallization is to ilio different substances which enter into 
the composition of hydrated crystals. The perchloride of iodine would 
then be written : 



/ ( 0C 2 H B 0\ 

But the existence of the body 1 1"' \ 00*H !, 0 1 which results from the 

\ (OOHFO/ 

replacement, ot three atoms of chlorine of this chloride, by three of 
oxacctyl, proves that iodine is really triatoinic, though it nearly always 
acts as monovalent. • 


SECOND GROUP (DIATOMIC METALLOIDS). 
OXYGE1T ^j. 

Atomic Weight = 16. Molecular weight = 32. 

Oxygen can be prepared m several different ways : 

1st. By heating mercuric oxide, which is resolved into oxygen and 
mercury. 
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2(ITgO) = 2Hg + 

Mcrrnric Mercury. Oxygen, 

oxide. 

Tlie flame of a spirit lamp suffices for this operation (fig. 18). 



w* is. 

2nd. By heating the binoxido of manganese to redness in an 
earthenware retort, when it gives off the third part of its oxygen. 

3(MnO s ) = (Mn“0 4 ) + [J [• 

Poroxido of Rod oxide of Oxygen. 

manganese. mtinguneae. 

As binoxide of manganese always contains a little carbonate of the 
same metal, the oxygen thus produced is accompanied by carbonic 
anhydride. To remove this, before collecting the gas, it is made to 
pass through a phial with three tubes arranged like Woulfs apparatus, 
and containing a solution of potash (fig. 19). 



3rd. By gently heating binoxide of manganese ^fith sulphuric acid, 
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when sulphate of manganese and water are formed, and half the oxygen 
which the binoxido contained, is disengaged (fig. 20). 


2 (MnO ! ) + 

Binoxido of 
manganese. 



Sulphate of 
manganese. 



Sulphuric acid. 

2 (S|°) + 8} 

Water. Oxygen. 


As carbonate of manganoso when cold loses by the action of sul- 
. pliuric acid all the carbonic anhydride which it is capable of dis- 



Fig. 20. 


engaging, it suffices to leave the preceding mixture to itself for some 
time .before heating it, in order that the oxygen collected may be 
nearly pure. 

» 4th. By heating chlorate of potassium ; oxygen is disengaged, and 
1 there remains chloride of potassium. 



Chlorate of Chloride of Oxygen, 

potassium. potassium. 


This reaction is greatly assisted by mixing with the chlorate of 
potassium a small quantity of oxide of copper, sesquioxide of iron, 
or binoxido of manganese. These oxides act by catalysis without 
taking part in the reaction. 

5th. By gently heating bichromate of potassium with sulphuric 
acid ; oxygen is formed, and at the same time water, persulphate of 
chromium, and sulphate of potassium. 
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2 (‘*k”}°’) + ' 

Bichromate of Sulphuric acid, 

potassium. 

+ 2 (T-"} 0 ') + 8 (S1°) 

Sulphate of Water, 

potassium. 


2 [Prl «•] 

Persulphate of 
chromium. 

♦ •(?}) 

Oxygen. 


6th. When baryta is heated to a low red heat in a current of dry air, 
it absorbs oxygen, and is transformed into binoxide of barium. 

2(BaO) + + 2(W) 

Baryta. Oxygen. Binoxide 

of liurium. 


If the current of air be then arrested, and the temperature increased 
to a strong red heat, the binoxide of barium is destroyed with the 
production of oxygen and tlio reproduction of baryta. 

2(BaO*) = 2(BaO) + [ 

Binoxide of Baryta. Oxygen. 

liurium. 

With the same baryta a great quantity of oxygon can bo taken from 
the air. This oxide, nevertheless, cannot be used indefinitely ; at tlio 
end of a certain time it loses its power of absorbing the oxygen of the 
air on account of a species of vitrification which is produced on 
its surface. 

7 tli. 15y tlio decomposition of water by the galvanic battery: care 
must be taken to acidulate the liquid with a little sulphuric acid, in 
order to make it a better conductor of electricity. The electrodes 
ought to be of platinum, or they will oxydizo instead of the oxygen 
being disengaged. The oxygen is collected at the positive pole. 

2 (S}«) - 2 (SI) + 81 

Water. Hydrogen. Oxygen. 

8th. Oxygon can be obtained by decomposing oxygenized water by 
certain bodies which exercise on it a catalytic action ; pulverulent 
silver, for instanco ; oxygen is disengaged and water remains. 

2 (n}°') = 2 (S}°) + 8} 

Oxygenized water. Water. Oxygen. 

When we wish to make nascent oxygen act on other substances, we 
prefer the niodo of preparation by the action of sulphuric acid on 
bichromate of potassium or binoxide of manganese. When, on the 
contrary, we wish to collect free oxygen, we prefer to obtain it from 
chlorate of potassium. 

Oxygen is gaseous at all the tomporaturos and under all the pressures 
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which we can produce. Its density is 1*105 ; water dissolves 0‘04(> of 
its volume ; it is tasteless, inodorous, and colourless. Oxygen is the 
principal body which maintains tho combustion of organic substances. 
If a match or a taper in a state of incandescence be plunged into it, 
these bodies will burst into flame and burn very brightly. 

Sulphur and phosphorus burn in oxygen with extraordinary bril- 
liance. This is also the case with iron : a spiral lamina of this metal, to 
which is attached a piece of lighted tinder, takes fire when placed in 
pure oxygen. The heat disengaged is such that the oxide of iron pro- 
duced encrusts the glass in which the experiment takes place, even 
after it has passed through some centimetres of water. 

We have already seen that oxygen combines with hydrogen witli 
explosion, either when tho mixture of the two gases is ignited, or 
when it is placed in contact with spongy platinum. 

Oxygen has a great affinity for carbon : among metals, caesium, rubi- 
dium, potassium, sodium, and lithium, are those with which it 
combines with the greatest energy. 

Oxygen is the only gas which can support respiration ; if it were 
pure, this function would ho too active, and inflammation of tho 
respiratory organs would result. Tins gas enters into the composition 
of atmospheric air, of which it forms about the fifth part. 

Allotropi c Status. — D isengaged by means of the galvanic battery 
at a low temperature, oxygen possesses much greater activity than 
when obtained by any other process. It can then combine directly 
with silver and mercury, set free iodine from iodide of potassium, burn 
organic subsiances when cold, etc.; and, further, it possesses a peculiar 
electrical odour. Oxj’gen thus modified is called ozone. 

Mr. Andrews believed that ozone contained eight atoms of oxygen, but 
fresh experiments have induced him to abandon that opinion. 

When oxygen is transformed into ozone, a contraction is observed in 
the mass ; but when the ozono which the gas contains is absorbed, no 
contraction is produced.* 

Two theories may account for this phenomenon : the first consists in 
admitting that the ozone is in such a state of condensation that its dis- 
appearance by the side of a great excess of oxygen gives no appreciable 
diminution of volume. 

Ily the second, we suppose a molecule of ordinary oxygen q j to 

be united in the ozone to an atom of allotropic oxygen Q with contraction 

of a third ; the ozone will then answer to tho formula q | Q, and 

will contain a volume of ordinary oxygen equal to its own. Jf wo 
cause reaction to take place between ozone and a body which is oxy- 
dized by it, there remains ordinary oxygen, which occupies exactly tho 
volume which the ozono occupied ; there is no contraction. 

* M. Soret has recently absorbed the whole molecule of ozone by means of oil of 
turpci itiuo. — T rams. 
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This is the most probable theory; it represents ozone by the 
formula m akes the IP of oxygenized water to bo re- 

placed by 0. 

At 300° ozone is converted into ordinary oxygen. To detect the pre- 
sence of ozone, a piece of paper steeped in a solution of iodide of 
potassium containing starch is used ; the iodine set free coming in 
contact with tlie starch, the paper assumes a blue tint. 

As other bodies give the same reaction it is preferable to use red- 
dened litmus paper steeped in a solution of iodide of potassium ; ozone 
decomposes this salt, and forms oxide of potassium : this, on contact 
with moisture, makes the litmus blue. Care must bo taken to place 
by the side of tlie ozonoscopic paper anotlior paper of reddened litmus, 
to prove that tho blue colour is really duo to ozone, and not to tho 
accidental presence of a small quantity of ammonia. 

Ozone exists in woods and fields, and wherever there is active vege- 
tation. In large towns, on the contrary, and in houses, or wherever 
there are numbers of men or animals collected, ozone disappears, or at 
least diminishes. 

It is also stated that ozone disappears during great epidemics. Are 
these epidemics owing to the disappearance of the ozone, which, being 
no longer in sufficient quantity to dostroy tlie miasmata, enable these 
to accumulate ? or are they not rather owing to tlie production of such 
a quantity of miasmata that tlie ozone is not sufficient to destroy them ? 
In other words, are epidemics the cause or the result of the dis- 
appearance of ozone ? At present this is undetermined. 

M. Schoonbein, to whom wc owe the discovery of ozone, admits 
another allotropic state of oxygen, which he calls antozonc. Ozone would 
be oxygen negativefy electrified, which would form ■/-), and antozono 
oxygen positively electrified (*f). These two oxygens would have tho 
property of reciprocally destroying each other, and thereby passing 
again to the state of ordinary oxygen by means of tho reciprocal 
neutralization of their electricities ; both would be called in a general 
way active oxygen, in ordor to indicate their chemical energy. M. 
Schceiibein has slated that when binoxitlc of barium is made to act on a 
mixture of sulphuric acid and permanganate of potassium in the cold, 
active oxygen is obtained differing somewhat from ozone ; and further, 
it appears that this gas mixed with ozone brings tho latter back to tho 
state of ordinary oxygen, itself also returning to the same state. 

This would lead us to consider this allotropic state of oxygen as 
being antozono. According to the hypothesis we have admitted as to 

the constitution of ozone, the formula of antozone would he ^ q l®)' 

Quito recently M. llaudrimont lias announced new experiments which 
would justify M. Schocnhoin’s theory, but as lie has not published 
them we cannot pronounce on their value. 
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Combinations of Oxygen with Hydrogen. 

Water ^H 8 0^ = ^ j 0^. — Until tho end of the last century water 

was considered to be a simple body. Cavendish was the first to ob- 
serve that this substance is formed by the combustion of hydrogen, and 
from this fact he deduced hypothetically the composition of water. 
Lavoisier soon verified this conjecture. He caused the vapour of water 
to pass through a porcelain tube boated to redness and containing iron 
filings, and found that decomposition took place; that oxygen re- 
mained fixed by the iron, the weight of which was increased, while 
hydrogen was disengaged. Jt was not until later that the quantitative 
composition of water was exactly determined. 

This determination may be made either analytically or syntheti- 
cally. 

Analytically. — Water is placed in a glass vessel A (fig. 21), the 
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bottom of which is pierced by two holes. Through Ihese holes two 
platinum wires are fixed, whose ends tenninato in graduated test tubes 
B and C, full of water, and inverted in the vessel. Then the wires I) 
and E are placed in communication with the opposite poles of a gal- 
vanic battery. Immediately gas bubbles are formed at the ends of tho 
wires and are collected in tho tubes. If after a certain time the volume 
of gas produced be measured, it will be found that the gas developed at 
the positive polo occupies half the volume of that which is developed 
at. tho negative pole ; and further, that the first of these gases is pure 
oxygen and the second pure hydrogen. To facilitate this experiment, 
the wator of the voltameter (tho name of the apparatus we have 
just described) should be acidulated with a little sulphuric acid to 
make it a bettor conductor. 
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Water therefore is formed of two volumes of hydrogen and one of 
oxygen. Adding to 

the double density of hydrogen 0-1384 


the density of oxygen T105 

wo obtain the number 1 ’2434 


which represents very nearly the double of the density of the vapour 
of water, 0*022 ; we thence conclude that the two volumes of 
hydrogen and the volume of oxygen are condensed into two volumes. 

Knowing the density of hydrogen, of oxygen, and of the vapour 
of water, it is easy to transform the preceding numbers into 
weights. 

Synthetically. — We can operate either by the aid of the eudiometer 
or by M. Dumas’ process. 

By the Eudiometer. — This is a thick bell-glass (fig. 22) with two 
holes in its upper part, in which are fastened two iron 
rods, terminated at each end by a little ball. The two 
internal balls 0 and D nearly touch, whilo of those 
on the exterior, one B is free, and the other A has at- 
tached to it a metallic chain AF, which is longer n 
than the eudiometer. At the lower part of the bell- 
glass is an iron bar, on which can bo adjusted at will 
a moveable slide of the same metal E, having a narrow 
hide in the centre. 

In determining the composition of water by this in- 
strument, we introduce info it a measured volume of 
hydrogen; let this bo 4°®, and a volume of oxygen 
also measured, which wc will suppose equal to 4®°. 

This done, and the eudiometer being closed at its 
lower end bj 7 the metallic piece of which wo have 
spoken, and being placed in a bath of mercury, the 
chain AF is placed in tho mercury, and a charged 
electrophorus is brought to the ball B. A spark 
passes between the electrophorus and this ball, and 
another between tho two interior balls D and 0. This 
latter spark causes the combination of tho oxygen and 
hydrogen. 

After the explosion, tho gas remaining is poured into a graduated 
tube and measured. In the conditions we liavo supposed, there would 
remain 2®® of pure oxygen ; the oxygen that has disappeared would 
therefore occupy 2°®, and tho hydrogen 4®® ; consequently, the water 
formed is composed of two volumes of oxygen and four volumes of 
hydrogen, or, reducing the proportion to the most simple expression, 
of two volumes of hydrogen and one volume of oxygen. 

M. Dumas* Process. — M. Dumas has invented a process in which 
weights are employed instead of volumetric measures. Tlis apparatus 
consists of three parts : the first of which is intenderj for the production 
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and purification of the hydrogen ; the seoond for tho synthesis of the 
water, and tho third for the collection of the water formed in the 
second. 

The hydrogen is produced in tho ordinary manner in a flask with 

two tubulures (fig. 23) A, by means 
of sulphuric acid and zinc. It is 
made to traverse : 1st, two U-shaped 
tubes bb, containing sulphate of 
silver ; this salt absorbs the phos- 
phoric and arsenical compounds 
which the hydrogen contains, and 
which are due to the impurities of 
tho zinc : 2nd, a tube c, containing 
acetate of lead ; this body absorbs 
the last traces of the sulphuretted 
hydrogen coining from the samo 
source: 3rd, two tubes dd full of 
potash; this baso absorbs an oil 
which also arises -from the impu- 
rities of the zinc as well as traces 
of acetic acid vapour resulting from 
the action of sulphuretted hydrogen 
on the acetate of lead in tho tube C : 

I g 4th, two IJ-shaped tubes ee full of 
phosphoric anhydride to diy the 
gases: 5th, a small tube full of 
pumice-stone steeped in sulphuric 
acid, which is weighod both before 
and after the operation; this tube 
ought always to maintain the samo 
weight, and so indicate that no- 
thing has deposited in its interior, 
and consequently that the gas is 
dry. 

Pure hydrogen then passes into 
the second part of the apparatus, 
constituted of a glass globe with 
two tubes B, in which very dry 
oxido of copper has been placed. 

Tho gas on coming out of this 
globe passes into tho third part of 
the apparatus. This third part is 
composed thus : a of a globo with 
two tubes C ; ft of two U-tubos gg full of pumice-stone moistened with 
sulphuric acid ; y, of a small tost tube analogous to tho two preceding 
onos. 

When this apparatus is used the globe B is weighed after liaving 
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liad oxide of copper introduced into it, let P be its weight ; the globe C 
is also weighed, and likewise the two tubes with acidulated pumice gg, 
let p' be the sum of their weights ; thou the apparatus is mounted, and 
hydrogen is passed into it until all the air is entirely expelled, after 
which the globe containing the oxide of copper is heated, continuing 
the gaseous current. Under tho simultaneous influences of heat and 
hydrogen, the oxide of copper loses its oxygen and water is formed. 
This water in vapour passes into the globe 0, where it becomes partly 
condensed, then into tho tubes gg, which retain all that which was not 
already condensed. 

When the operation lias lasted long enough, tho current of hydrogen 
is arrested, and it is replaced by a current of air, after the globe B has 
become cold ; thus tho apparatus is again filled with air, which is neces- 
sary in order to avoid an error in weight which would result from 
the difference in the density of hydrogen and air. 

Tho apparatus being taken to pieces, the globe B is weighed on tho 
one hand, and on tho other tho globe C with the lubes gg. 

The weight p of tho globe B is less than its weight P beforo the 
experiment, on account of flic loss of oxygen which the oxide of copper 
has experienced. P— p represents the weight of this oxygen. Tho 
globe 0 and the tubes gg have together a weight P' greater than their 
weight p before the experiment, on account of the water which is 
fixed therein. P' — p’ represents the weight of tho water formed/ 

Finally, on subtracting from the water P'—p f the weight of tho 
oxygon P — p, tlio difference gives the weight of tho hydrogen which 
this water contains. 

On transforming the composition found into hundred parts, by means 
of proportion, we see that 1 00 parts of water contain : hydrogen, 
11-11; oxygen, 88*89. 

Water is liquid at ordinary temperatures, at (T it becomes solid, and 
at 100° it vaporizes. If water he carefully protected from agifation, 
it can be cooled to — 12° without becoming congealed, hut tho least 
. agitation induces the immediate congelation of the mass, and the tem- 
perature rises to 0°. 

lee is crystallized ; hut its crystals are so intermingled that they 
appear under the form of a continuous transparent mass. It is as snow 
that wo can best study their form, which is that of prisms belonging 
to the fourth system, grouped in stars. 

Liquid water presents a maximum density at 4\ and it is at this 
temperature that its density is considered as equal to 1. The density 
of ico is 0*94, and the density of tho vapour of water 0-02J34. 

Pure water has neither smell nor«taste ; it has very great solvent 
powers, hut these do not extend to fatty substances, nor in general to 
organic substances very much hydrogenized or highly carbonized. 

Water combines directly with acid anhydrides to form acids, and 
with basic anhydrides to form bases, when the acids or bases which 
would arise have an evon atomicity; when, on thtf contrary, their 

ii 
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atomicity is uneven, they are still produced, but by double decompo- 
sition and not by direct combination. 



Sulphuric Watrr. Sulphuric acid, 

anhydride. 



Anhydrous Water. Hydrate of 

oxide of ]M)tusKium. potassium. 


The water of lakes, rivers, and seas, is not pure. The surest means 
of purifying it is by distillation. This is performed in apparatus called 
alembics or stills; these apparatus arc composed of three parts: one in 
which the water is reduced into vapour ; another, whore the condensed 
vapour is received, and the third which serves as a communication 
between the other two. This third part usually consists of a long 
spiral tube. 

In cold countries, instead of distillation, congelation may be used. 
When only a part of the mass of impure water is congealed, the impu- 
rities accumulate in the portion of water that remains liquid, and the 
ice is almost pure. 

As an article of food, water ought to be aerated, and should only 
contain a very small quantity of salts in solution, and no appreciable 
quantity of organic matter. When it contains an excessive proportion 
of calcareous salts it produces indigestion ; and when it contains 
organic substances it possesses septic properties which render its use 
dangerous. 

Natural waters somotimes contain substances in solution sufficient, 
to render them useful in medicine, and arc then called mineral waters. 

Oxygenated Water, or Binoxide of Hydrogen j O 2 ^. — Oxyge- 
nated water is obtained by the reaction of hydrochloric acid on bin- 
oxide of barium. 



Binoxide of Hydrochloric Oxygenated Chloride 

harium. acid. Water. of barium. 


Oxygenated water is very instable ; under the influence of heat it 
is decomposed into water and ox} gcn ; moreover, it gives rise to three 
curious orders of reactions. 

Certain bodies decompose it into oxygen and water by catalytic 
action without themselves taking part in tlio reaction ; us pulveru- 
lent. metallic silver or platinum, etc. 

Other bodies decompose oxygenated water, but then bccomo oxi- 
dized themselves; such as oxide of .zinc, oxide of strontium, etc.; and, 
finally, a third class of bodies, at the head of which oxide of silver 
must be placed, have the property of losing their oxygen under the 
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influence of oxygenated water while it is also at the samo time 
reduced. 


(h I ° 2 ) 

Oxypcnated 

wutcr. 



Oxide of 
silver. 



Water. Silver. Oxygen. 


This last reaction may he explained by supposing that the atoms of 
oxj’gen which leave the silver and water have more affinity for each 
other than for the bodies to which they were united, and that conse- 
quently they separato from these latter and unite together to form a 
molecule of fine oxygen. M. Schocnbein even says that these atoms ot 
oxygen are electrified, but each in a contrary manner. If it he so, 
wo must conceive an oxygenated water electrified inversely to that 
known already. Jn fact, M. Baudrimont says he has obtained such a 
body by decomposing binoxido of manganese by processes lio has not 
published. 


Combinations of Oxygen with Ctiiotunf. 

There exist several oxygenated compounds of chlorine. They are 
hypoehlorous anhydride (C1*0), chlorous anhydride (CFO 3 ), peroxide of 
chlorine (CIO 2 ), chloric acid (ClHO 51 ), and perchloric acid (CITTO 4 ). 

Besides these, there seems to bo an oxide of chlorine (CIO) in exist- 
ence which is not accurately known. 

Hypoehlorous Anhydride (CFO) is prepared by passing a current 
of chlorine in a perfectly dry state through a glass tube filled with 
oxide of mercury obtained by precipitating a per-salt of mercury by 



potash (fig. 24). The hypoehlorous anhydrido which disengages during 
this reaction is collected in a receiver placed in a* freezing mixture. 
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where the gas liquefies. Caro must be taken during the operation to 
cool the tube which contains the oxide of mercury. 

The following equation explains this reaction : 

2(ng”o) + .(g}) - (iifOd) + (g}o) 

Protoxide of Chlorine. Oxychloride of IlypoclilorouB 

mercury. mercury. anhydride. 

Hypoclilorous anhydride is a deep red liquid, which boils at 20° ; its 
vapour density is 2*097. Its odour resembles that of chlorine and 
iodine; water dissolves about 200 times its volume. In this case no 
double decomposition takes place between the water and the hypo- 
chlorous anhydride. If it did — if hypoclilorous acid (C1HO) wore 
to foim — the proportion of gas dissolved ought to be much greater. 
The equation 

(CFO) + (IPO) = 2(ClTTO) 

llypochloroutt Water. Hypoclilorous 

anhydride. acid. 


would require that a kilogramme of water should dissolve 48‘>il 
grammes of hypoclilorous gas, while tlie quantity dissolved is only 
779 grammes. 

The solution of hypoclilorous anhydride has very strong oxidizing and 
bleaching properties. Gay-Lussac has observed that half a litre of 
this anhydride decolorizes as much indigo as a litre of pure chlorine. 
As half a litre of hypoclilorous anhydride contains half a litre of chlorino 
and a quarter of litre of oxygen, and as moreover there is no reason 
why tlio chlorine, set free by the decomposition of the hypoclilorous 
anhydride, should bleach more than if it had not been engaged in 
this combination, it must ho concluded that a quarter of a litre of 
nascent oxygen decolorizes as much as half a litre of chlorine, or, 
in other words, that the bleaching power of nascent oxygen is double 
that of chlorino. 

Ilypochlorous anhydride is easily decomposed by hydrochloric acid ; 
in this case water and free chlorino are formed. 

Co}°) + 2 (h 0 - (llfo) + <§}) 

Hypoclilorous Hydrochloric Water. Chlorine, 

unhydrldu. odd. 

W hen gaseous, it explodes readily on a slight elevation of tempera- 
ture. 

W'lien the hypoclilorous anhydride is not required dry, it may very 
easily ho obtained in solution by placing a diluted solution of oxide 
of mercury into a largo bottle full of chlorine and shaking briskly. 

The solution of hypoclilorous anhydride often acts on contact with 
organic substances as if it contained hypochlorous acid, though in 
reality it does not. It is probable that in this case the organic sub- 
stance causes thb reaction of the hypochlorous anhydride and tho 
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water. Thus with ethylene the reaction is expressed by the follow- 
ing equation : — 

(n}°) + (<™-) - (‘"""{SO 

Hypnclilorous Ethylene. Clilorhyilrin of 

acid. glycol. 

Chlorous Anhydride Cl 2 O a . — To prepare this, a mixture is made of 
three parts of arsenious anhydride and four parts of chlorate of potas- 
sium. This is pulverized and mixed with sufficient water to make a 
liquid paste, and 12 parts of nitric acid diluted with four parts of water 
are added. A small flask is filled up to the neck with the mixture, 
a disongagement tube is adapted, and the flask is gently heated in a 
water-bath after being covered with a cloth to avoid accident in case 
of explosion. 

Under these conditions a greenish yellow gas is disengaged — a 
powerful deodorizer ; its density is 2-(>4(>, and it bears a temperature 
of — 2 ( 1 ' without being liquefied. 

Chlorous gas is soluble in water, and gives a beautiful yellow liquid. 

On combining with bases, it gives chlorites : 

(ciw) + 2 (] ! ,}o) . (J!}o) + 2( C “}o) 

Chlorous llyilralo of Water. Chlorite of 

anhydride. potassium. potassium. 

Chlorous anhydride detonates on a very slight elevation of temperature ; 
it is also decomposed with explosion hy several metalloids, such as 
sulphur, selenium, tellurium, iodine, phosphorus, arsenic, etc., which 
are oxidized at its expense. 

Mercury also decomposes it ; other metals are without action upon it. 

In 1 ho preparation of this body, first, nitric acid reacts on chlorate of 
potassium, and gives chloric acid and potassic nitrate. Then chloric 
acid reacts on the arsenious anhydride which it causes to pass to the 
state of arsenic acid, while it itself becomes chlorous anhydride. 


>* (T}°) + ( N S» 

Chlorate of Nitric acid, 

potassium. 



Nitrate of Chloric acid, 

potassium. 



Chloric acid. 


OfW + 2 (n}°) - 

Arsenious Water, 

anhydride. 


K A f P » + (3B}o) 

Arsenic acid. Chlorous anhydride. 


Peroxide of Chlorine (Hypochloric Acid) CIO 2 . — This is obtained 
by carefully heating in a small tube by a water-bath (fig. 2a) a mix- 
ture of sulphuric acid and chlorate of potassium broken into coarse 
fragments. The gas which forms is passed by a disengagement tube 
into a very cold receiver. Care must be taken tl«it the water in the 



Fig. 25. 


The reaction is expressed by tho following equation 


•CY}«) 

+ . 

csrw - 


Chloral**, oi 
jiotassium. 


Sulphuric ucid. 


C . 

+ 

"“o 

* 5 

c . 

+ 

2(C10 2 ) + ( 

SO ! " | 0 , 
, K 2 f . 

\ ' ' 

Water. Pen-lil oral** of 


Peroxide 

Sulphate of 

potussium. . 


of chluriue. 

potassium. 


Peroxide of chlorine is gaseous at ordinary temperatures ; it 
liquefies at —20°, forming a red liquid; its density in the gaseous state 
is 2 ‘315 ; it is a very explosive hody, soluble in water, and easily 
decomposed by mercury ; bases transform it into a mixture of chlorate 
and chlorite. 

2(ciO>) + 2(1} o) = (<» + (Tfo) + (n}°) 

Peroxide of Hydra to of Potassic Potassic Water, 

chlorine. potassium. chlorite. chlorate. 

This reaction establishes an analogy between the peroxide of chlo- 
rine and hyponitric acid (NO 2 ), which is also converted into a mixture 
of nitrate and nitrite under tho influence of bases (see Nitrogen); in 
consequcnoo, it may be called hjpochloric acid . 

Chloric Acid (OHIO 8 .)— In order to prepare this acid, whoso anhy- 
dride is not stable, a concentrated solution of chlorate of potassium is 
treated with hydrofluosilicic acid. A double decomposition takes place ; 
chloric acid is set free, and the potassium is precipitated in the state of 
hydrofluosilicate. Unfortunately, this precipitate is scarcely visible, 
so that an excess of hydrofluosilicic acid must be used, bccauso tho 
precise moment at which the precipitation is complete cannot be 
ascertained. 
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The liquor, therefore, contains a mixture of chloric and hydrofluo- 
silicic acids; it is filtered, and hydrate of barium is added, which trans- 
forms the two acids into barytic salts. The hydroflu osilicate of barium 
thus formed, being insoluble, is precipitated, and the barytic chlorate 
remains in solution. It is filtered, and the chlorate of barium is de- 
composed by sulphuric acid. This acid ought to bo added drop by 
drop, until a last drop produces no more precipitate. It is then filtered 
through asbestos, and the liquid is concentrated at the ordinary tem- 
perature by means of tho air-pump. 

The following equation shows the action of the sulphuric acid on the 
chlorate of barium : 


G&8M + KISS) - KSM + *(T}°) 

Chlorate of luirium. Sulphuric acid. Barytic sulphate. Chloric acid. 


Chloric acid is a syrupy liquid of a yellow colour on account of the 
chlorine which it always contains in solution, and which arises from 
its partial decomposition. At 40° it decomposes into perchloric acid 
and chlorous anhydride ; at the boiling point the decomposition is more 
complete, perchloric acid being formed, and chlorine and oxygen 
disengaged. 


Chloric acid. 


■(T}°) 

Chloric acid. 


First Method of Decomposition. 

- Qo) H- + (g}o) 


Odorous 

anhydride. 


Perchloric acid. 


Water. 


= 4 


Second Method of Decomposition. 

(T|o) + K"}°) + 3 (o > !) 


+ 2 


Perchloric acid. 


Water. 


Oxygen. 


(SI) 


Chlorine. 


Chloric acid, when brought into contact with tincture of litmus, at 
first colours it red like acids, but soon bleaches by oxidizing it. 

It is a very instable body, and is in consequence a strong oxidant. 
Its instability is such that, if a drop be gently heated on a piece of 
paper, the paper takes fire and burns. Alcohol takes fire on contact 
with this acid. Hydro-sulphuric acid reduces it to the state of hydro- 
chloric acid, sulphur being deposited at the same time. In a word, 
all bodies having much affinity for oxygen cause its decomposition. 

*(V}°) ; + •(?}») “(S}) + *(?l) + *(n} 0 ) 

Chloric add. llydrosulphuric Hydrochloric Sulphur. Water, 

add. add. 


Perchloric Acid (ClIIO 4 ). — In order to prepare this body, one part 
of chlorato of potassium is distilled with four parts of sulphuric acid, 
until tho drops which distil no longer solidify in .the receiver; thus 
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sulphate of potassium, and perchloric acid combined with water of 
crystallization, are obtained. 



Chlorate or Sulphuric ucid. 

potassium. 



Sulphate of Perchloric add. 

potassium. 


*Q°) + »©) + '(§!) 

Water. Oxygon. Chlorine. 


Tho crystals of hydrated perchloric acid boated to 110° in a retort 
emit white vapours, which exhale a strong odour of chlorino : these 
vapours condense in the receiver into a yellowish volatile liquid, 
which may be obtained colourless by a fresh distillation conducted 
slowly and carefully. 

If the distillation he continued until all the matter passes over, the 
temperature will rise up to 200°, and an oleaginous liquid will then 
distil, which, mixed with tlic volatile liquid, retransforms it into 
crystals. 

The liquid volatile at 110° is normal perchloric acid (ClHO 4 ). 
As it strongly attracts atmospheric moisture, and easily explodes, it 
ought always to ho preserved in tubes hermetically sealed. 

Normal perchloric acid has a density of 1*782 at 15 *5°. Its vapour 
is colourless and transparent: mixed with air, it emits thick white 
vapours, owing to its combination with tho aqueous vapour contained 
in the atmosphere. 

Poured into water drop by drop, perchloric acid produces effervescence 
and elevation of the temperature of the liquid. A drop of perchloric acid 
poured on paper or wood produces immediate explosion with disengage- 
ment of light. The action of charcoal is still st ronger, giving rise to a. 
detonation, which may be compared to that of chloride of nitrogen. 

It also explodes when mixed with anhydrous ether. With alcohol, 
on the contrary, it mixes tranquilly, the mixture becomes heated, and 
ether distils. 

Applied to tho skin, perchloric acid causes painful ulcers, which 
. heal very slowly. 

When perchloric acid is heated, it decomposes; and, as the water 
arising from its decomposition unites with the portion of acid still 
intact to form tho crystallized matter of which we have already 
spoken, tho liquid becomes opaque. On continuing to increase the 
temperature, a violent explosion occurs ; the remaining liquid imme- 
diately becomes colourless, and on cooling crystallizes. Perchloric 
j acid decomposes spontaneously, even in the dark, and the tubes con- 
‘ taining it all cxplodo at the end of from eight to fifteen days. 

When water is added to normal perchloric acid, the liquid becomes 
heated; and, if the quantity of water be suitable, the mass crystallizes 
on cooling. The .crystals thus obtained, which have been hitherto 
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supposed to be perchloric anhydride, are really the normal acid com- 
bined with a molecule of water. Their formula is (Cl HO 4 ) 4- aq. 
These crystals deliquesce in air; they melt at 50°; their density 
when melted is 1-811. 

When strongly heated they disengage normal perchloric acid, and 
there remains in the retort a hydrate richer in water. Continuing the 
distillation, when the normal acid lias passed, thero comes over, at about 
203°, an oleaginous liquid of a constant composition, which much 
resembles sulphuric acid. This acid contains 71-6 per cent, of the 
acid (ClITO 4 ), and seems to answer to the formula (Cl HO 4 ) 5 +llaq. 
The more simple formula (C1II0 4 ) +2aq. would require 73 ’03 per 
cent, of normal acid, instead of 71*6. The potassic perchlorate being 
very sparingly soluble in water, perchloric acid precipitates potassic 
salts from sol ul ion. 

Berchlorous anhydride is unknown. 


Combinations of Oxygen with Bromine. 

The compounds of oxygen and bromine actually known arc the 
hypobromous acid (BrlTO), or anhydride (Br*0), bromic acid (BrlTO 3 ), 
and perbromic acid (BrlTO 4 ). 

Hypobromous Acid | O^. — When bromine is poured into an 

aqueous solution of nitrate of silver a precipitate is formed of bromide 
of silver, and tho supernatant liquid possesses bleaching properties. 
If this liquid be distilled under the ordinary pressure of the atmo- 
sphere it is decomposed, and sets free bromine; but if it be distilled 
in vacuo it gives a volatile liquid, which bleaches organic substances. 
The same compound is also obtained by agitating bromino in water 
with oxide of silver. But, if the oxide of silver be in excess, and the 
liquor be shaken too long, oxygen will bo disengaged, bromide of 
silver will be formed, and the fluid would no longer possess bleaching 
properties. 

+ (Ag-O) , 2$?}) + 

Hypobromous Oxide of Bromide of Oxygen, 

anhydride. silver. silver. 

The affinity of oxygen for itself is added to that of silver for bro- 
mine, and these two forces united determine the double decompo- 
sition. 

Is the body dissolved in the bleaching liquid the preparation of 
which we have just indicated hypobromous acid (Brli.0), or its anhy- 
dride (Br 2 0) ? This is not known, as we have not yet been able to 
separate it from tho great excess of water with which it is mixed. 
The fact that it is dissolved would lead us to regard it as hypobromous 
acid (BrJIO) ; but if wc consider that liypochlorqus anhydride forms 
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with water a simple solution, and not a hydrate, we shall be tempted 
to admit that it is the same with hypobromous anhydride. 

Bromic Acid | O^. — When bromine is mado to acton a concen- 

trated solution of potash, a mixture of potassic bromide and bromato is 
formed. The bromate, which is very sparingly soluble, is precipi- 
tated. 

•(£}») + <£})- KM) + ( B, $ 0 ) + *(?} 0 ) 


Caustic potash. 


Bromine. 


Bromide of 
potussium. 


1’otassir 

bromate. 


Wuter. 


Bromic acid is prepared from bromate of potassium by the same 
process as chloric acid from chlorate of potassium. 

Bromic acid has properties which arc similar to those of chloric 
acid. It is, however, somewhat more stable than the latter acid, 
and may be heated to a temperature of 30 J without decomposing. 

Perbromic Acid | O^. — Recently M.Kaemmcrer has obtained 

this acid by treating perchloric acid with bromine. The chlorino 
is simply displaced. 


/cion n > 

^ . Br 1 

Oil 


0 /Bron 

( n(°. 

) + Brf 

= 01 1 

4- 

2 ( H | 


Perchloric acid. 


Bromine. 


Chlorine. 


Perbromic acid. 


Evaporated in a water-bath, tlio solution of perbromic acid appears 
as a syrupy mass, on which sulphuric acid, hydrochloric acid, and 
sulphurous anhydride have no action. Like perchloric acid, perbromic 
acid precipitates potassic salts white, but, the perbromate of potash is 
slightly more soluble than the corresponding perchlorate. 


Combinations of Oxygen with Iodine. 

Hypo-iodites | Oj are very little known. But there is an iodic 

anhydride (1 2 0 5 ), to which an acid (IITO 4 ) and a periodic acid (IlFO 5 ) 
correspond. 

Hypo-iodites appear to ho formed when chloride of iodine (IC1 3 ) is 
dissolved by an alkaline carbonate or a caustic alkali ; but they are 
only stable in presence of a molecule of iodine ; when this is taken 
away they immediately decompose. 

Iodic Anhydride (I*0 5 ) and Iodic Acid j 0 :< ^.— On boiling one 

part of iodine in five parts of fuming nitric acid, and letting the liquid 
cool when the iodine has entirely disappeared, iodic acid is obtained 
which crystallizes in small pyramids, 

It may also be prepared by passing chlorine through water having 
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iodine in suspension, and evaporating the solution to crystalli- 
zation. 

1} + 6 (h}°) + 5 (ci}) = 2 (h}°) + 10 (Sf) 

Iodine. Water. Chlorine. 1st hxlic Hydrochloric 

anhydride. acid. 

Finally, a boiling solution of iodate of potassium may be precipi- 
tated by chloride of barium, and afterwards the barytic iodate 
decomposed by sulphuric acid. 

As to potassic iodate, it may be obtained like tlio corresponding 
bromatc. But it is easier to prepare it by boiling a mixture of 75 
parts of chlorate of potassium, 80 of iodine, and J of nitric acid in 400 
of water, until tlio chlorine, which is disengaged at the commence- 
ment, ceases to come off. 

In this reaction, nitric acid at first sets free a little chloric acid. 



Chlorate of Nitric acid. Nitrate, of Chloric acid. 

l>otu&>ium. potassium. 


Iodine reacting on this acid transforms it into iodic acid by dis- 
placing the chlorine. 



Chloric acid. Iodine. 1st iodic Chlorine. 

anhydride. 


Iodic acid, or rather its first anhydride, reacts on a new portion of 
potassic chlorate, and produces iodate of potassium and chloric acid. 

(*» + («» . (T}o) + (Tf°) 

1st anhydride Chlorate of Chloric acid. Iodate of 

of Iodic acid. potassium. potassium. 


The iodine transforms this second quantity of chloric acid into iodic 
acid as it did tho first, and this series of double decompositions con- 
tinues until the whole of the chlorate of potassium is transformed 
into iodate. 

When iodic acid has been prepared by deposition from a cold 
concentrated solution, crystals are obtained which have tho composi- 


tion of the first iodic anhydride 



On dissolving these 


crystals in sulphuric acid diluted with four parts of water, a liquid is 
obtained which leaves a white product corresponding to the formula 



The first iodic anhydride maintained at 130° until it no longer loses 
weight is transformed into an anhydride (I a H0 8 ) of the unknown tri- 
iodic acid (PH 5 O l0 ). f 
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This latter anhydride may bo represented by the rational for- 
mula — 



and the unknown normal acid to which it corresponds, by a similar 
formula, but in which the two 0 at the extremities will be replaced 
by two atoms of hydroxyl. 

Heated to 170", iodic acid is transformed into iodic anhydride 

w 

Anhydrous alcohol dissolves neither iodic acid nor its anhydrides. 

Iodic acid combines with nitric, phosphoric, boric, and sulphuric 
acids, giving crystalline comjKnmds. 

Iodic acid is soluble in water : it reddens litmus and decolorizes it 
after a time; heated to a temperature lower than redness, it decom- 
poses into iodine and oxygen without giving periodic acid. It is an 
oxidizing body : treated by hydrosnlphuric acid or sulphurous anhy- 
dride, it decomposes and gives a deposit of iodine. 

<Tf o) + <SO-) + 4(“}o) . J} + 

1st iodic Sulphurous Wulcr. Iodine. Sulphuric acid. 

anhydride. anhydride. 

Hydrochloric acid immediately decomposes iodic acid, disengaging 
chlorine. 

(i*° 5 ) + 10 (ci}) = if + 6 (ci }) + 6 (n}°) 

Iodic Hydrochloric Iodine. Chlorine. Water. 

anhydride. acid. 

Periodic Acid (1IP0 5 ). — Periodic acid may be prepared like per- 
bromic acid ; that is to say, by making iodine act on perchloric acid, 
i It may also be obtained by the following process : 

A current of chlorine is transmitted through a solution of iodate 
of sodium containing an excess of alkali, when an insoluble sodic 
periodate is precipitated. This precipitate dissolved in nitric acid 
gives, with nitrate of silver, a white precipitate of periodate of silver, 
of which the formula is — 
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P 
0 
Jo 


I"0 OH + 2aq. 


{OA. 


This salt is dissolved in boiling nitric acid, and on cooling tho liquor 
gives crystals whose formula is (lAgO 4 ). 

These crystals treated by cold water are transformed into an inso- 
luble diargcntic periodate (lTIAg y O s ), and freo iodic acid which dis- 
solves. 


2(1 AgO 4 ) + 2(n a o) = (iAg 2 no 5 ) + (Tiro 5 ) 

rerindiile of Water. Diargcntic Periodic 

silver. periodate. acid. 

As we see from the different, reactions just explained, normal 
periodic acid is triatomic, and its formula is (TITO 5 ). Tho acid 
(JJTO 4 ) would only be the first, anhydride of^tliis normal acid; it is 
unknown in a free state, but salts are known which correspond 
to it. 

Periodic acid (1IT 8 () 5 ) crystallizes with two molecules of water. Tt. 
melts at At about 200 ’ it loses water, and is transformed into 

oxygen and iodic acid. 1 Lydrosulpliimc acid and sulphurous anhydride 
easily destroy it. 

With salts of soda, periodic acid gives a precipitate of disodic perio- 
date. 


SULPHUR. 

Atomic weight — 32. Molecular weight — 64. 

Sulphur is procured from certain volcanic countries whore it exists 
native, especially from Sicily. There are mines elsewhere, but they 
are not yet worked. 

In Sicily, sulphur is separated from the earthy matter either by 
melting it, if the mineral bo rich enough, or otherwise by distilling. 
After importation, the sulphur is refined by a second distillation 
performed in a retort which communicates with a largo brickwork 
chamber. The retort is so disposed that fresh quantities of sulphur 
can be introduced into it wilhout arresting the operation. If the pro- 
cess be conducted with sufficient rapidity to distill 1800 kilogrammes 
of sulphur in twenty-four hours, the walls of the chamber become so 
hot that the sulphur is kept in a liquid state. On taking it out, it is 
poured into wooden moulds and sold in rolls. If, on tho contary, the* 
operation be conducted so slowly that tho weight of sulphur distillod in 
twenty-four hours does not exceed 300 kilogrammes, the metalloid is 
solidified in the chamber, and as air interposes between its molecules 
at the moment of solidification, it is sublimated in tho form of a powder 
known as “ flowers of sulphur.” 
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Sulphur is yellow, solid at the ordinary temperature, fusible at 1 14° 
and volatile at 440°. It is tasteless and inodorous ; its density is equal 
to 2*08, its vapour density is represented by the number 6*fi66 at 500°, 
and by 2*222 at 1000°. 

( Water does not dissolve sulphur ; alcohol and ether dissolve it very 
sparingly ; its best solvent is sulphide of carbon. 

By evaporating its solution in sulphide of carbon, we obtain the 
sulphur crystallized in octahodra of the fourth system; it is under 
this form that it is found in a natural state. By means of fusion it 
crystallizes in prisms of tho fifth system. 

At the ordinary temperature the prismatic crystals fall to powder, 
which appears under the microscope to bo formed of small octa- 
hodra. At about 114° the contrary takes place; the octahedral 
crystals become prismatic. These two facts show that tho difference 
of crystalline form which we remark in sulphur is owing to the tem- 
perature at which the crystallization took place. 

We have already saic^that sulphur melts at 1 14° ; it then constitutes 
a 3 T ellow and very fluid liquid: at 140° its colour becomes deeper, at 
100° it is brown and viscid, at 230° its viscidity is such that the vessel 
containing it may bo inverted without the sulphur running out ; above, 
230° it regains its fluidity, but retains its brown colour up to 440°, 
when it commences to boil. 

If sulphur be heated to nearly its boiling point, and then suddenly 
cooled, when completely cold it remains soft for a time, but gradually 
regains its consistency, and by heating it to about 90° it can be mado 
.to regain it immediately. M. Regnault, to whom we owe the know- 
ledge of this fact, also says that the passage of sulphur from a soft to a 
hard state is always accompanied by the disengagement of heat. 

Sulphur is inflammable ; it bums in air with a bluo flame and omits 
tan odour of sulphurous anhydride, which is well known. 

It combines very readily with chlorino, and has such an affinity for 
phosphorus that, except under water, a mixture of these two bodies 
cannot be heated for fear of an explosion. 

Almost all metals, carbon, and in general bodies which readily unito 
f with oxygen, have a great affinity for sulphur. But hydrogen only 
combines with it at red heat and with great difficulty. 

When sulphur is heated to a high temperature and then suddenly 
cooled, wo have seen that it remains soft. If it ho thus treated seven 
times successively it acquires a brown colour, which it retains in the 
solid stato. Treated by sulphide of carbon, it then leaves a reddish 
residue, which is only sulphur in a particular allotropic state. Tims 
♦modified, sulphur is entirely insoluble. It returns to its ordinary state 
when heated to 100°, or when brought into contact with liydrosulphuric 
acid or alkaline sulphides. It acquires, on the contrary, a greater sta- 
bility when chloride of sulphur is made to act on it. 

On decomposing chloride of sulphur by water the same insoluble 
sulphur is obtained^ but in a more stable form. When, on the contrary, 
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the polysulphidqs are decomposed by acids, crystallizable sulphur is 
obtained. M. Berthelot thought he could deduce fi-om those facts that 
sulphur enters in the amorphous Btate into the compounds where it is 
electro positive, and in the crystallizable state into the compounds where 
it is electro-negative. But M. Cloez has shown that from one com- 
pound, chloride of sulphur, it is possible to extract, by means of water, 
either a soluble or an insoluble sulphur, according to the rapidity of 
the reaction. This experiment, and several others equally important 
which we owe to this able chemist, have upset the precoding theory. 

M. Berthelot thinks that when melted sulphur is heated to 440° it 
is entirely modified, and that if, by steeping, sulphur is never obtained 
in an insoluble state, it is owing to an inverse modification which is 
produced during the cooling. In fact ho has remarked : 1st, that the 
more sudden the cooling, the greater is the proportion of the insoluble 
sulphur that is obtained ; 2nd, Ihat. on mixing with the water certain 
bodies, such as nitric acid, which have the property of rendering tlio 
insoluble sulphur stable, hardly any crystallizable sulphur is obtained. 

Sulphur when heated to 440° being in its insoluble modification, it 
is probable that at 500°, that is to say, at an approximate temperature 
to 440°, it exists in the same state. As at 500° the vapour density of 
sulphur is G a '6(>6, which gives 102 as the molecular weight of this body 
S 3 1 

and > as its formula, wc may conclude that there exist two varieties 

of sulphur : crystallizable sulphur, the molecular weight of which is 

S 1 • 

04, and which answers to the formula g > ; and insoluble sulphur, the 

S 3 1 

molecular weight of which is 102, and its formula g 3 V. 

Sulphur is employed in medicine, either in its metalloid state or in 
combination. It is parasiticide, and it is for this property that it is 
chiefly used. Some soluble sulphides are also used to stimulate the 
functions of the skin. 

The sulphur used in pharmacy is usually the flowers of sulphur, 
which must be washed to remove the sulphurous anhydride with 
which it is always mixed. 


COMBINATIONS OF SULPHUR WITH THE METALLOIDS 
PREVIOUSLY STUDIED. 


Combinations of Sulphur with Hydrogen. 


Hydrosulphuric Acid 


id ( j j | s) (Sulphuretted Hydrogen). Ilydr 


sulphuric acid is prepared by making cold sulphuric or hydrochloric 
acid act on sulphide of iron, or by heating sulphide of antimony with 
hydrochloric acid. 
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1st. (PeS) + ( S £» 

Sulphide Sulphuric acid, 

of Iron. 

2nd. (SWS*) + «("}) 

Sulphide of Hydrochloric 

untiuiony. acid. 


(W + (SI 8 ) 

Sulphate of Ilydrwmlphuiic 

iron. acid. 

2 (SbCl 8 ) + 3^}s) 

Tercliluride Hydrosulphurlc 

of antimony. urid. 


ITydrosulphuric acid is gaseous at. ordinary temperatures. A pres- 
sure of 17 to 18 atmospheres liquefies it. Its density in the gaseous 
state is 1-1012, and in the liquid state 0-0 ; water dissolves about, three 
times its volume. 

ITydrosulphuric acid is a weak acid, and scarcely reddens lilmus. 

It burns in air with a dull flame, forming water and sulphurous 
anhydride. 


2 ({|} 8 ) + 3 (o }) - -’(HI 0 ) + 2 ( s0 *) 

ITydrosulphuric Oxygon. Water. Sulphurous 

acid. anhydride. 


When exposed to air, the aqueous solution of sulphuretted hydrogen 
is decomposed. The sulphur is displaced by oxygen and is deposited 
in white flakes. 


2 ("' s ) + 8f - 2 (1J}°) + sf 

llydrosulpliuric Oxygon. Water. Sulphur, 

acid. 

In contact with porous bodies, this solution absorbs oxygen and 
forms sulphuric acid. 

(!J} s ) + 2 (o}) - (TW 

Ilydrosulphuric Oxygon. Sulphuric acid. 

. ucid. 

It has been observed that woollen goods steeped in a solution of 
Ilydrosulphuric acid fall to rags. This is owing to the corrosive action 
of the sulphuric acid which is formed. 

Sulphuretted hydrogen is decomposed by chlorine, bromine, and 
iodine, -with the deposition of sulphur and formation of a hydrogenized 
compound of the metalloid employed. 

Ilydrosulphuric acid precipitates the soluble salts of lead black ; a 
sulphide of the metal is produced, and an acid corresponding to 
the salt employed. 

(Pb"R") + (H}s) = (Pb"s) + (Vip) 

Suit of lead. Hydrosulpliuric Sulphate of Acid corre- 

acid. lead. spending to the 

stilt of lead. 

Hydrosulphnrio acid has a very disagreeable odour resembling 
rotten eggs. It is poisonous when breathed, but large quantities of its 
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solution in water may bo drank without danger. It is very little 
used in medicine, except as an element of certain mineral waters. 

Sulphuretted hydrogen is analyzed in the same manner as hydro- 
chloric acid. But, instead of sodium, a piece of tin is placed in the 
curved glass. Sodium could only be substituted for the half of the 
hydrogen of this acid. 

Sulphuretted hydrogen contains a volume of hydrogen equal to 
its own. 


If from the density of hydrosulpliuric acid . . 1 * 1912 

wo subtract the density of the hydrogen . . 0*0692 

there remains 1*1220 


which is evidently equal to half the density of the vapour of sul- 
phur at 1000°. Two volumes of hydrosulpliuric acid, therefore, 
contain one volume of sulphur vapour and two volumes of hydrogen 
condensed into two volumes. 

From this volumetric composition we arrive at its composition by 
weight. We have first — 

1-1912 : 0*0(!92 :: 100 : x ; that is to say, x = = 5-809 

1 * 1 i'li 

Secondly — 

112*2 

1*1912 : 1*122 :: 100 : x; that is to say, a? = = 94*191 

100 parts of hydrosulpliuric acid, therefore, contain 

Sulphur 94*191 

Hydrogen 5*809 

100*000 


Bisulphide of Hydrogen (jJ | S 4 ). — Bisulphide of hydrogen is 

obtained by pouring drop by drop a solution of bisulphide of calcium 
into hydrochloric acid. 


((V'S 1 ) + 2(S() 

Bisulphide J Iydroch loric 

of calcium. acid. 


((’P f) + (h} s *) 


Chloride of Disulphide of 

calcium. hydrogen. 


If the operation be reversed, that is to say, if the hydrochloric acid 
be poured into the solution of bisulphide of calcium, tho bisulphide of 
hydrogen, finding itself at the time of its formation in contact with an 
excess of sulphide of calcium, will decompose, and hydrosulpliuric acid 
and sulphur will bo obtained. Bisulphide of hydrogen possesses 
properties analogous to those of oxygenated water. 
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Combinations of Sulphur with Oxygen. 

The compounds of sulphur with oxygen are the following: — 
Sulphurous anhydride (SO 2 ). 

Sulphuric anhydride (SO 3 ) and sulphuric acid (SH 2 0 4 ). 

The hyposulphites correspond to the hyposulphnrons anhydride and 
to hyposulphnrons acid (unknown). 

Dithionic acid (S 2 IFO fi ). 

Tritliionic acid (S 3 II 2 O fi ). 

Tetrathionic acid (S 4 TT 2 0°). 

Penlatliionic acid (S 5 JFO°). 


The anhydrides which correspond to these four acids have not 
hitherto been prepared. 

Sulphurous Anhydride (SO 2 ). -This body is prepared either by 
burning sulphur in oxygen, or by heating the metalloid with an 
oxygen compound of slight stability, such asbinoxide of manganese, or 
by deoxidizing sulphuric acid by means of mercury or copper, and beat. 



Sulphuric acid. Copper. 


(«■'} °j + *(n } °) + ( so ’) 

Sulphate of Water. Sulphurous 

copper. anhydride. 


Sulphurous anhydride is gaseous; it is liquefied at —10°; the 
vaporization of the liquid acid causes the thermometer to descend 
to —00°. 


In the gaseous state its density is 2 ’247 ; water dissolves fifty times 
its volume: this solution, left in the air, absorbs oxygen, and sulphuric 
acid is formed. 

The solution of sulphurous anl^dridc, when sufficiently cooled, de- 
posits crystalline compounds. Three have been described ; they have for 
formula (SO 2 + J4TFO) ; (SO 2 + 9IFO) ; (SO 2 + IPO). The last may 


1x5 considered as normal sulphurous acid, and ho written 



It 


is, nevertheless, more probable that its water acts as water of crystalli- 
zation. 

Sulphurous anhydride is colourless and has a pungent odour. When 
breathed it excites coughing, but is not dangerous, unless it forms a 
large proportion of the atmosphere, it does not burn and does not 
support combustion, but it combines directly with oxygen in presence 
of spongy platinum, giving rise to sulphuric anhydride. 


2 (SO*) + q } = 2 (SO*) 

Sulphurous Oxygen. Sulphuric 

anhydride. anhydride. 



sulphurous anhydride. 


11 r> 

Sulphurous anhydride and hydrosulphuric acid decompose each 
other, forming water and pentathionic acid, sulphur being deposited. 

4(80-) + 8(®}S) = 2(*|}o) + (g[) + f^O*) 

Sulphurous Hydrwulphuric Wat nr. Snlphnr. IVntathionic 

anhydride. nn.id. acid. 

Sulphurous anhydride is a powerful reducing agent; it takes 
oxygen from all substances which are feebly united to it In presence 
of water it liberates chlorine, bromine, and iodine from their compounds. 
The water acts in this caso by its oxygen oxidizing the sulphurous 
anhydride, while its hydrogen unites with the chlorine, bromine, or 
iodine, to form a hydraeid. 

Sulphurous anhydride bleaches vegetable substances, but does not 
greatly alter them. Ry treating the bodies thus bleached by a base 
we cause their original colour to reappear, or, rather, the shade they 
would have taken on contact with the base employed. This property 
is utilized in the arts for bleaching straw bonnets or hats. 

In the direct light of the sun, sulphurous anhydride combines with 
its volume of chlorine, and the volume of the gaseous mixture 
diminishes by half. The compound which arises has for formula 
(S() 8 C1 2 ). It was formerly- called chlorosulphuric acid, but now its 
name is chloride of sulphury 1. In presence of water it changes into 
hydrochloric and sulphuric acids. 

(80*01* ) + 2(}{[0) = + 2(!?,i) 

Chloride of Wntor. Sulphuric neirt. Hydrochloric 

sulphury I. sicid. 

When iodine acts < n sulphurous anhydride, it forms a similar com- 
pound (S0 2 1 2 ), which possesses analogous properties. 

To determine the composition of sulphurous anhydride, an excess of 
sulphur is burned in a known volume of oxygen until the whole of this 
gas is consumed. Then it is observed that the sulphurous anhydride 
which is formed, occupies the same volume as the oxygen which served 


for the combustion. 

If from the density of sulphurous anhydride . . . 2*247 
we subtract the density of the oxygen . . . . 1 • 10.5 

there remains 1*142 


a number which evidently represents half the vapour density of sul- 
phur at 1000°. 

Two volumes of sulphurous anhydride, therefore, contain two 
volumes of oxygen and one volume of sulphur vapour combined with a 
contraction of |From the knowledge of this volumetric composition, 
it is easy to calculate its composition by weight. 

Sulphurous anhydride has no special use in mediefhe. 

J 2 
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Sulphuric Acid j O*^. — In manufactures this acid is prepared 

in large leaden chambers by making nitric acid, water, and air act on 
sulphurous anhydride. This latter body is obtained by the direct 
combustion of sulphur. 

The sulphurous anhydride and nitric acid are transformed into hypo- 
nitric and sulphuric acids. Then water divides the hyponitric acid 
into nitric acid and nitric oxide, and the nitric oxide absorbs oxygen 
from the air to reform hyponitric acid. Finally, all the nitric acid 
decomposed is reformed. The cycle of the preceding reactions then 
recommences, and this may be continued indefinitely, allowing for 
the inevitable losses which overy largo manufacture involves. The 
following equations express these reactions : — 


1st. 

( SO 4 ) 

+ 


i - C£» 

+ 

2(NO*) 


Sulphurous 

anbydridu. 


Nitric acid. 

Sulphuric acid. 


Hyponitric 

acid. 

2nd. 

CO 

^ . 

+ 

(11 1 °) 

- K*n» 

+ 

(w>) 


Hyponitric 

acid. 


Water. 

Nitric ucid. 


Nitric 

oxide. 

3rd. 

2 (NO) 

+ 

II 

oc 

• j ( NO*) 

/ 




Nitric oxide. 


Oxygen. 

Hyponitric 

ucid. 




As an excess of water is necessary fur the success of the operation, 
the sulphuric acid as it leaves the leaden chamber is always largely 
diluted. It is concentrated in leaden vessels until it reaches 59° 
according to Raume’s scale of acid weights (sp. gr. 1*729), and the 
concentration is then completed in glass or platinum retorts. 

Sulphuric acid may also be obtained in small quantities by tailing 
sulphur with nitric acid. 

• »} + 4 Cn}°) = 2 ( S n-"}°') + 4(NO) 

Sulphur. Nitric acid. Sulphuric acid. Nitric 

oxide. 

Sulphuric acid is an oily liquid of a density of .1 *848 at 15°; it. 
boils at 32o°, and is solidified at. — 3 5°. It lias neither colour nor 
smell, but has a strongly acid taste. When touched it disorganizes 
the skin, giving a saponaceous feeling. 

Sulphuric acid combines directly with water with considerable 
disengagement of heat, and a contraction of volume. According to tho 
proportion of water, two hydrates may bo formed — 

} 0 1 ) + Aq. and ^jjT } 0*J + Ji* 

The hydrogen of the water combined can never he replaced by metals ; 
this indicates that tho water acts a part analogous to that of water of 
crystallization. .The first of these hydrates is crystallizable ; in the 



SULPHURIC ACID. 


117 


cane of the second, wo recognize that it has a definite composition, 
because the maximum of contraction is obtained when sulphuric acid is 
mixed with water in the proportion of one molecule of acid to two 
molecules of water. 

The affinity of sulphuric acid for water is such that it carbonizes 
organic substances, causing tlio formation of water at the expenso 
of the oxygen and hydrogen contained in these substances. It is a 
very powerful acid, decomposing most salts derived from other acids 
and liberating these latter ; phosphoric, buracic, and silicic acids alone 
can decompose the sulphates by the aid of heat, on account of their 
greater stability. {See Rerthol let’s laws). 

Sulphuric acid forms two series of salts : the one neutral, represented 

by the general formula ( jv* > 0*1 ; the other acid answering to the 
formula I IV W)*l* 

To analyze sulphuric acid we proceed as follows : 

1st. An excess of sulphuric acid is poured on a known weight of 
pure oxide of barium. Sulphate of barium and water are formed. 

CS» + (»*>) - (S» + (8)0) 

Sulphuric acid. Oxide «»r Sulphate of Water, 

barium (baryta). bui ium. 


The water and the excess of acid are driven off by evaporation, and 
tlio sulphate of barium is weighed. Let 1* l>e the weight of this salt, and 
p the weight of barium contained in the baryta employed (the compo- 
sition of haryta is supposed to be known) ; the weight of barium con- 
tained in 100 parts of the sulphate will be known by the help of tlio 
proportion -—I* : p : : 1 00 : x. 

2nd. A known weight of sulphur q is placed in a globe with an 
excess of nitric acid, and the whole is heated, care being taken to place 
a refrigerator above the globe, in order that all the vapours which 
there form may he condensed and continually flow back again into the 
globe. 

When all the sulphur lias disappeared the operation is arrested, and 
the contents of the globe arc precipitated by chloride of barium ; all 
the sulphuric acid is thus transformed into insoluble sulphate of 
barium, according to the equation — 


C8TW + $"}) - (?}«-) + *("}) 

Sulphuric acid. Chlorate of Sulphate of Hydrochloric 

barium. barium. acid. 


The salt is collected on a filter, well washed, dried, and weighed. 
Let V be its weight, and p f the weight of the barium it contains. 
—p* reprosonts the united weights of the sulphur and oxygen. On 

* K' may be any monatomic positive raclicqj. 
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subtracting the weight of the sulphur q , there remains that of the 
oxygon, which is thus determined. We learn in this manner that 
100 parts of sulphate of barium contain — 

Barium 
Sulphur 
Oxygen 

100-00 


58-79 

13-74 

27-47 


3rd. A known weight of concentrated sulphuric acid is precipitated 
by chloride of barium, and the sulphate of barium produced is weighed. 
From this weight, that of the oxygen and sulphur which the salt 
contains is calculated. Now as all this sulphur and oxygen will 
be found in the sulphuric acid employed, it suffices to subtract the 
amount of their weight from that of this acid in order to know the 
quantity of hydrogen contained in the latter. 

By means of three proportions the composition found is then trans- 
formed into centesimal composition. 

In medicine, sulphuric acid largely diluted is used internally as an 
astringent, and externally for stimulating foot baths. It is also 
employed as a caustic. 


Nordhausen Sulphuric Acid 



(Disulphuiuc Acid.) — On 


calcining in a closed vessel protosulphate of iron as dry as it can be 
obtained on a large scale, sesquioxide of iron is formed, and sulphurous 
anhydride is disengaged, and also sulphuric anhydride combined with 
the small quantity of water which the salt still contained. 



l’rotoaulphate of Sesquioxide 

iron. of iron. 


+ (so*) + (so 8 ) 

Sulphurous Sulphuiic 

anhydride. anhydride. 


'i'lie sulphuric anhydride, received in vessels full of ordinary BU 1- 
pliuric acid, combines with this acid, giving rise to disulphuric acid. 


(so-) + (so-'P) 

Sulphuric Sulphuric acid, 

anhydride. 



Disulplmric add. 


Disulphuric acid is stronger than ordinary sulphuric acid ; it fumes 
in air, and when heated to about 30° it separates into sulphuric unhy- 
drido which is given off, and sulphuric acid which remains in theaima- 
ratus. The preceding equation reversed, explains this reaction. 

When the acid sulphatos are heated they lose water, and are trans- 
formed into neutral disulphates (neutral salte of the disulphuric 
acid). 
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Acid sulphate of Neutral disulphate Water, 

sodium. of sodium. 


At an elevated temperature these salts are resolved into neutral 
sulphates and sulphuric anhydride : 



Neutral disulpliute Neutral sulphate Sulphuric 

of sodium. of sodium. anhydride. 


Disulphuric acid dissolves indigo more readily than sulphuric acid. 
With an excess of base, Ts T ordhauson sulphuric acid gives neutral 
sulphates. 

The composition of this acid is determined by transforming it into 
sulphate of barium, exactly as with ordinary sulphuric acid. 

Sulphuric Anhydride SO 3 . — This body is obtained either by gently 
heating disulphuric acid, or by calcining a bisulphate, or by passing 
a mixture of sulphurous anhydride and oxygen over some spongy 
platinum gently heated. 

It is ciystallizcd in silky needles, fusible at 25°, volatile at 85°, and 
has a great affinity for water. Baryta burns in its vapour, producing 
sulphate of barium. 

(SO 3 ) + (Ba"0) = (Ba"S0 4 ) 

Sulphuric limy In. Sulphate of 

anhydride. barium. 

In order to determine its composition it is combined with water, and 
the acid produced is precipitated by chloride of barium. .From the 
weight of the sulphate of barium obtained, that of the sulphur con- 
tained in the salt is deduced, and then on deducting this weight from 
that of the sulphuric anhydride employed, wo learn the quantity of 
oxygen contained in the compound. 

Thionic Series. — This series contains four acids whose anhydrides 
arc unknown: they are dithionic or hyposulphuric acid (S*ll s O e ), 
whose anhydride would he (S*0 5 ). 

Trithionic or monosulplmretlcd hyposulphuric acid (S s II a O“), whose 
anhydride would be (S : *0 ,r '). 

Tctrathionic or bisulphurettcd hyposulphuric acid (S 4 !!*!)®), whose 
anhydride would be (S 4 0*). 

Pentathionic or trisulphuretted hyposulphuric acid (STFO 8 ), whose 
anhydride would be (S s 0 5 ). 

These four acids all contain the same quantity of oxygen, and only 
differ in the quantity of sulphur which each tenn of the series contains, 
viz., one more atom than that which precedes it, and one less than that 
which follows. 

Dithionic Acid (STL*O fi ). — If a current of sulphurous anhydride be 
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transmitted through water in which finely-powdered binoxide of man- 
ganese is suspended, a mixture of sulphate and dithionato of manganoso 
is formed. 


(so*) 

+ 

(MuO*) = 

/SO 8 " 1 
\Mn" | 

O 8 ) 

Sulphurous 

anhydride. 


Binoxide of 
manganese. 

Manganous 

sulphate. 

2(SO*) 

+ 

(MnO 4 ) = 

/sv w 

VMn" 

l°0 

Sulphurous) 

anhydride. 


Binoxide of 
manganese. 

Dithionate of 
manganese. 


An excess of hydrate of barium is poured into the solution contain- 
ing these two salts. The manganeso is precipitated in the state of 
hydrate, while the sulphate and dithionate of barium are produced. 


Qi 

o 

CO ^ 

+ 

($» - 

GFW 

+ 


Manganous 

sulphate. 


Hydrate of 
barium. 

Sulphate of 
barium. 


Manganous 

hydrate. 

(E» 

+ 

(*:» - 

( mY " * cA 

\ Ba" r U ) 

+ 

(¥}«■) 

Manganous 

dithionate. 


Hydrate of 
barium. 

Dithionate of 
barium. 


Manganous 

hydrute. 


Tho sulphate of barium is precipitated with the hydrate of manga- 
nese, and the filtered liquid contains dithionate of barium alone. Tho 
solution is concentrated, and sulphuric acid is added drop by drop 
until the last drop no longer produces any precipitate. The barium is 
eliminated in the state of sulphate, and the ditliionic acid is set free. 

(*£» + C3TW ■ (£■}«■) + (TH 

Dithionate of Sulphuric add. Sulphate or Ditliionic acid, 

barium. barium. 

The liquid is then filtered and concentrated until its density is 1*847. 

Ditliionates when highly calcined disengage sulphurous anhydride, 
and are converted into sulphates. 



Dithionate of Sulphurous Sulphate of 

barium. anhydride. barium. 


/ g»o 4 " ) \ 

Trithionic Acid ( jp > 0* L — If flowers of sulphur be digested for 


several days in a solution of bisulphite of barium at a temperature of 80°, 
trithionato of barium is formed ; from which trithionic acid may be 
extracted by means of sulphuric acid, in the same way as dithionic acid. 


Tetrathionic Acid 


/S 4 0 4 " 

V H* 


1 0 8 ^. — This acid is prepared by adding 


iodine to a solution of hyposulphite of barium until the liquid has a 
persistent colour, and by decomposing by sulphuric acid the tetra- 
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thionate of barium which is formed in the reaction. The formation of 
this latter salt is explained by the following equation : 

+ if - ho +'csn°) 

Hyposulphite of Iodine. Jodide of Tetratliionute of 

barium. burium. barium. 

/ S 5 0 4 '' 1 \ 

Pentathionic Acid ( j_p > 0* J. — If a mixture of sulphurous anhy- 
dride and hydrosulphuric acid be transmitted through water, sulphur 
is deposited, and the liquid assumes a milky appearance, which it loses 
when shaken with copper filings. If, when cold, it be saturated by 
carbonate of barium and filtered, it will contain pentalliionato of 
barium, from which pentathionic acid may be propared in tlie samo 
manner as the preceding acids, by means of sulphuric acid. 

The formation of pentathionic acid in this reaction is explained by 
the following equation : 

»(h 1») + ‘H = (Ho") + s(l} o) + 1} 

llydrosulphuric Sulphurous Pentathionic acid. Water. Sulphur, 

acid. anhydride. 

Hyposulphites. — Besides the preceding acids, there exists a class of 
salts known by the name of hyposulphites, answering to the general 
formula (S^l^O 8 ) ;* tho acid (SHPO 8 ) and the anhydride S a O a corre- 
sponding to these salts are unknown. If this anhydride existed, and 
pentathionic anhydride (S 5 0 fl ) also existed, these two bodies would be 
polymeric. 

Hyposulphite of sodium is prepared by boiling sulphur with neutral * 
sulphite of sodium, filtering and crystallizing. 



Sulphite of sodium. Sulphur. Hyposulphite of 

sodium. 


Hyposulphite of sodium is much employed in the arts. Photo- 1 
graphers utilize the property its aqueous solution possesses of dissolv- ■■ 
ing tho salts of silver which arc insoluble in water. It is also used inj 
dissecting rooms as an antiseptic. 


SELENIUM g* j- 

Atomic weight = 79-50. Molecular weight = 159. 

Selenium is extracted from certain metallic selenidcs. These sele- 
nides are calcined with nitrate of potassium, which is a strong oxidant 
and causes the selenium to pass to the state of scleniate of potassium ; 
the solution of this salt is then boiled with hydrochloric acid; free 

* The true formula of the hyposulphites is S 2 M' 2 H 2 0 4 ; tho acid would then pro- 
bably ho Sl 2 H 4 0 4 , and tho anhydride 8211305,. — (Tuans.) 
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selenic acid is first produced, and afterwards it passes to tlie state of 
selenious acid. 



Nrlcniafce of Hydrochloric Chloride of Selenic acid. 

IHitaeuium. acid. potassium. 



Si-lenic acid. 



Hydrochloric 

acid. 


SI + (SI “MW 

Chlorine. Water. Selenious ucid. 


Finally, a current of sulphurous anhydride is transmitted through 
the solution of this acid. Tlie sulphurous anhydride takes the oxygen 
of the selenious acid, and the selenium sot free is precipitated in 
the form of a red powder, which is collected and agglomerated by 
fusion. 

KTf «■) + H 80 ’) + 2 (n } °) - 4 ( f jp j o) + £ } 

Selenious acid. Sulphurous Water. Sulphuric acid. Selenium, 

anhydride. 


The selenium, melted and cooled, forms a brittle solid; it Las a 
glassy fracture, its density is 4*8; if heated to 1>7° its temperature 
rises higher spontaneously. In one experiment, tlie thermometer lias 
been known to rise to 230 ° ; while this quantity of heat becomes dis- 
engaged the metalloid changes its appearance ; it acquires a granulated 
fracture analogous to that of iron, and can be flattened by the hammer, 
of which it retains the impression, and it acquires the property of con- 
ducting heat better than when in its vitreous state. Vitreous selenium 
therefore bears the same relation to that which has lost caloric, as soft 
sulphur docs to hard sulphur. M. Rcguault, to whom we owe the know- 
ledge of these facts, has recognised that precipitated selenium is in a 
state ol‘ vitreous modification; in fact that, like sulphur, selenium 
presents two allotropic states. M. Devil le states that when steeped in 
benzine it becomes insoluble in that liquid, in which previously it 
was* soluble. 

Selenium has the same affinities as sulphur, but they are a little 
weaker ; it burns in air, forming selenious anhydride. 


COMBINATIONS OF SELENIUM WITH BODIES PREVIOUSLY 

STUDIED. 

Combination with Hydrogen. 

Hydroselenic Acid ^ | Se^. — Hydroselenic acid is gaseous ; it is 

obtained by treating a metallic sclenide by hydrochloric acid. Its 
properties are analogous to those of hydrosutyhuric acid. Its odour is 
most offensive, and resembles that of rotten cabbages. 
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Combinations of Selenium with Oxyoen. 

There are two known oxygen compounds of selenium : sclenious acid 

( 1 o* )’ an< * se * CI1 *° acl< * ( rr* 1 i 

The anhydride (SoO 2 ) corresponding to the first of these acids is 
known; but the anhydride (SeO :l ), which would correspond to the 
second, has not as yet been obtained. 

Combinations of Selenium with Sulphur. 

Sulphur with selenium forms the compounds (SeS 2 ) and (SeS 3 ), 
corresponding to the selenious and selenic anhydrides. The first of 
these bodies is obtained by precipitating selenious acid by hydro- 
sulphuric acid ; and the second, by the direct combination of sulphur 
with selenium. 


TELLURIUM 



Atomic weight — 129. Molecular weight - 2.'i8. 


To prepare tellurium, tellurido of bismuth is calcined with car- 
bonate of potassium and then treated with water. This liquid dis- 
solves the telluride of potassium which was formed ; and the solution, 
exposed to air, soon decomposes, liberating tellurium. 

Tellurium resembles metals in its physical properties, in its lustre, 
its aspect, and its density, which is O’ 20 ; its affinities are of the samo 
nature as those of sulphur and selenium. 


Tellurium forms with hydrogen a compound (jlM which has 


received the name of hydro telluric acid, and which is gaseous. This 
compound, whoso properties are analogous to those of liydrosulphurio 
and liydroselenic acids, is obtained by treating a telluride by hydro- 
chloric acid. 

With oxygen tellurium forms two compounds ; tellurous acid 
(^°H S5 | an( * te ^ ur * 0 ac ^ (^ le jp//j 0^, whose anhydrides (TeO*) 
and (TeO 8 ) arc known. 

Tellurium combines likewise with sulphur, and forms two sulphides, 
(TeS 2 ) and (TeS 3 ), which are obtained by precipitating tellurous or 
telluric acids by sulphuretted hydrogen ; finally, tellurium forms 
with selenium a compound which is not well defined.* 


* Tlie sulphide of tellurium is isomorphous with the sulphide of antimony, sun l 
telluric acid forms neither alums nor suits with biutomic metals containing seven 
molecules of water. These diameters lend to remove tellurium from the sulphur 
group, and make it approach the antimony group. 
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GENERAL REMARKS ON THE BIATOMIO METALLOIDS. 

Oxygen, sulphur, selenium, and tellurium, being biatomic, may 
combine with all the monatomic metalloids, giving compounds 
which correspond to the general formula R"X' a , in which R" repre- 
sents one of these four metalloids and X' any monatomic radicle. 

Further, wo know that polyatomic radicles can accumulate in- 
definitely in molecules without ever being completely saturated. 
Generally, several polyatomic atoms fonn a group, the atomicity of 
which is equal to the sum of the capacities of saturation of each atom, 
diminished twice as many times as there are atoms united, less one. 
Thus a group of five triatomic atoms would have an atomicity equal to 
(5 X 3) — (4 x 2) = 7. 

One consequence of this law is that the biatomic radicles, on accumu- 
lating in the molecules, form groups of which the capacity for saturation 
is always equal to 2. Really, JL"* would have for atomicity 2 x 2 — 
2 = 2, R" 3 , (2 x 3) -(2 x 2) = 2, etc. 

Therefore two monatomic atoms ought to be able to unite, not only to 
one, but to two, three, four, or n biatomic atoms. The limit of accu- 
mulation of these latter rests only in the stability of the compounds, 
and depends on the respective affinities of the elements which combine. 

Thus, theoretically, all the compounds comprised in the following 
table are possible. 


Compounds of Oxygkn. 


JPO 

(1*0 

ECO 

FO 

fpo 

X'\> 

HV 

01*0' 

BrV 

TO 2 

MV 

X'V 

HV 

CIV 

BrV 

FO* 

MV 

X'V 

HV 

(.'IV 

BrV 

FO 4 

MV 

X"0 4 

HV 

CIV 

BrV 

FO 5 

MV 

X'*0 5 

HV 

C1*0* 

BrV 

FO 6 

MV 

X'V 

H'O 7 

CIV 

BrV 

FO 7 

MV 

X'V 

HV 

CIV 

BrV 

F0“ 

MV 

X'V 



COMrOUNDS 

OF Sulphuu. 


IPS 

CPS 

Br*S 

I*S 

M‘S 

X'*S 

H*S* 

CPS* 

Br'S* 

PS 8 

FPS* 

X'*S* 

IPS’ 

CPS* 

BPS* 

PS* 

FPS* 

X'*S S 

H*S 4 

CPS 4 

BPS* 

PS 4 

FPS 4 

X'*S 4 

H*8 5 

CPS 5 

BPS 5 

PS 5 

FPS 5 

X'*S 5 

H'S* 

CPS* 

• 

BPS* ■ 

PS* 

FPS* 

X'*S* 
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H*S 7 

CPS 7 

BPS 7 

PS 7 

F1 2 S 7 

X ,8 S 7 

H*S" 

CPS" 

BPS' 1 

T'S" 

IPS* 

X’S" 


- 

Compounds of Selenium. 


H'So 

CPSe 

BrSo 

PSe 

Fl*So 

X'*Se 

IPSe* 

CPSe 2 

BrSo 2 

PSe 2 

FPSe 2 

X' 2 So* 

HW 

CPSe 3 

BPSo* 

PSe* 

FPSe* 

X'*Se“ 

TPSo 4 

CPSe 4 

BPSo 4 

PSo 4 

Fl*Se 4 

X' ! Se 4 

IPSe 5 

CPSe 5 

BPSo 5 

PSe 5 

Fl 2 Se 5 

X' 2 Se 5 

mso» 

CPSe 0 

BPSo" 

PSe" 

FPSe* 

X'*Se° 

IPSe 7 

CPSe 7 

BPSo 7 

PSo 7 

Fl 2 Se 7 

X'*Se 7 

IPSo" 

CPSe" 

BPSo" 

PSo" 

Fl 2 So" 

X"So" 



COMI’OITXDS 

of Tellutuum. 


II'To 

CPTe 

BPTe 

PTo 

FPTe 

X'*Te 

IPTe 2 

CPTe* 

BPTe* 

PTo* 

FPTe 2 

X'*Te* 

JPTo* 

. CPTe* 

BPTe* 

PTe* 

FPTo* 

X' 2 Te 3 

IPTe 4 

CPTe 4 

BPTe 4 

7 4 Te 4 

FPTo 4 

X' 2 To 4 

IPTe 5 

CPTe 5 

BrTe 5 

PTe 5 

FPTe 5 

X'*Te 5 

IPTc' 

CPTe" 

BPTe 0 

PTo" 

FPTo 0 

X"Tc° 

JPTo 7 

CPTe 7 

BPTe 7 

PTe 7 

FPTe 7 

X'*Te 7 

IPTe" 

CPTe" 

BPTe” 

PTe" 

FPTe" 

X ,2 To" 

As a 

fact, all these compounds do not c*is t. Is 

it because the 


affinity of oxygen and its congeners for hydrogen, bromine, iodine, 
and fluorine, is too weak to allow of such an accumulation of poly- 
atomic radicles in one molecule, or is it possible that these bodies exist, 
though not yet discovered ? Iloth hypotheses may be held, on condi- 
tion that too great a value be not attributed to n. However it may be, 
those compounds that are known are the following — - 

Oxygen Compounds. 

Water (H 2 0) ITypoehlorous anhy- JTypobromous anhy- 
dride (01*0). dride (Br 2 0). 

Oxygenized water (TFO 8 ) Probable binoxide of chlorine (C1*0 8 ). 

Chlorous anhydride (C1*0 3 ). 

ITypochloride (CIO 2 ). Iodic anhydride (I 2 0 5 ). 

To which must be added chloric anhydride (Cl a 0 5 ), bromic anhydride 
(Br a 0 5 ), perchloric anhydride (C1 2 0 7 ), perbromic anhydride (Br 2 0 7 ), 
and periodic anhydride ( L*0 7 ) : compounds that are still unknown, but 
whose corresponding acids are known. 



120 


PRINCIPLES OP CHEMISTRY. 


Sulphur Compounds. 

Hydrosulphuric acid (H 2 S). Bichlorido of sulphur (CPS). 
Bisulphide of hydrogen (H 2 S 2 ). Protochlorido of sulphur (CPS 8 ). 

Compounds of Selenium. 

nydro8clenic acid (H 8 Se). Chloride of selenium (CPSe). 

Telluric Compounds. 

Hydrotelluric acid (IPTo). Bromide of tellurium (Br*Te). 

Chloride of tellurium (CPTe). Todido of tellurium (I*To). 

There are also compounds of sulphur and selenium with bromine and 
iodine, but they are not well known. 

AVc have hitherto supposed oxygen, sulphur, selenium, and tellu- 
rium to be biatomic ; and this manner of considering theso bodies is 
allowable, because they act as bivalents in most oases. There are, 
nevertheless, some rare compounds in which they are tetravalent. 
These are the three chlorides (SCI 4 ), (ScCl 4 ), (Tod 4 ), and the sub-oxide 
of silver (Ag 4 G), etc. 

Biatomic metalloids may also combine among themselves. We will 
not dwell on these compounds which theory enables us to forosee, the 
number is naturally unlimited. Sulphur, selenium, and tellurium form 
part of oxy-aeids the anhydrides of which are sulphurous anhydride 
(SO 2 ), sclenious anhydride (SeO 2 ), tellurous anhydride (TeO 2 ), sulphuric 
anhydride (SO 3 ), selenic anhydride (unknown) (SeO 3 ), telluric anhy- 
dride (TeO 3 ). 

There also exists a certain number of acids of sulphur whose anhy- 
drides are unknown, and whose corresponding selenium and tellurium 
compounds have not yet been discovered. These are — 

1st. Hyposulj)hurous acid .. ^S 2 0" j or, rather, metallic hypo- 

sulphites, for the acid itself is not stable. 
2nd. Dithionic acid .. ^ S 2 0 4 " 

3rd. Trithionic acid .. ^S 8 0 4 " 

4 th. Tctrathionic acid .. ^O 4 " 

5th. Pentathionic acid .. 

If ever tho means of preparing hyposulphurous and penfathionic 
anhydrides bo discovered these bodies will be polymeric. The hypo- 
sulphurous anhydride would have for formula (S 2 0 8 ), and the penta- 
thionic anhydride t ( S 5 O ft ) . 
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We have already seen that selonium and tollnrinm may also com- 
bine with sulphur, forming compounds which correspond to the 
oxygenized combinations of these bodies. 


THIRD GROUP (TRIATOMIO METALLOIDS). 


TV") 

BORON 

Atomic weight = 11. Molecular weight unknown. 

Boron can be obtained by three different processes, each of which 
gives it with different properties. 

1st. Boracic anhydride is decomposed at red heat, by sodium, and the 
mass is poured into water acidulated with hydrochloric acid. 



Iteraeic anhydride. Sodium. iterate of sodium. Iteron. 


The boron thus obtained is amorphous, and brownish in colour. 

2nd. A current of chloride of boron is transmitted on to melted 
aluminium. Chloride of aluminium is produced, which is volatilized, 
and tlio boron is dissolved in the excess of aluminium. 

2(ai) + 2 (b’"ci s ) = ("}) + “:::j 

Aluminium. Chloride of Chloride of Iteron 

l>oron. aluminium. 

After a timo the continued volatilization of the aluminium and the 
continuous addition of boron cause the super-saturation of the solvent, 
and the boron is deposited in hexagonal prismatic crystals, which arc 
opaque, and of a brown colour. These arc purified by boiling with 
hydrochloric acid, which dissolves the aluminium. This boron has 
been called graph itoid, from certain analogies which have been observed 
between it and graphite.* (See Carbon). 

3rd. Boracic anhydride is calcined with aluminium, and oxide of 
aluminium and boron are formed. 

2(Al) + (B s O») = (A1*0“) + 5“| 

Aluminium. Horacic Oxide of Iteron. 

anhydride. aluminium. 

To purify the boron thus prepared, it is first boiled with a solution 
of hydrate of potassium, then with hydrochloric acid, and, finall} r , it is 
mechanically separated from the oxide of aluminium with which it 
is mixed. 

Boron is then transparent, rather yellow, ciystallized in prisms with 
a square base, nearly as hard and as refracting as the diamond ; its 
density is 2 • 68. M. Deville has called it the boron diamond. Boron 

* WcBhler and Dovillc have recently shown this to be n compound (A1H 2 ). — Tuans. 
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will not melt at any temperature ; it becomes oxidized at the same 
temperature which causes the combustion of the diamond, and is then 
transformed into boracic anhydride. At red heat it bums in gaseous 
chlorine, forming chloride of boron. 

Acids do not affect it, unless it be aqua regia, which seems after a 
length of time to dissolve it sparingly. 

Potash and soda act upon it at red boat. 

Bisulphate of potassium transforms it into boracic anhydride, dis- 
engaging sulphurous anhydride and water. 




+ 

B"'| 

B”'( “ 



Bisulphuto of 
potassium. 


Boron. 


(B*0 8 ) 

+ *CS» 

+ 

3 (SI°) + 

3 (so*) 

Boracic 

anhydride. 

Neutral sulphute 
of potassium. 


Water. 

Sulphurous*. 

anhydride. 


Boron when heated combines directly with the nitrogen of the air, 
forming a nitride. 

Amorphous boron, when it has not been too strongly calcined, enters 
into combination a little moro readily than the two other varieties 
of this body. 

Do these three varieties of boron constitute three different allotropic 
states, or do they belong to the domain of polymorphism ? This will 
be difficult to decide until new experiments have elucidated the 
question. 


Combinations of 13oj:on with Monatomic Metalloids. 

Boron combines with theso metalloids, giving compounds which 
correspond to the general formula BX B . The chloride, bromide, and 
fluoride of boron only are known as yet, but it is probable that the 
iodide of boron, and perhaps even boretted hydrogen may bo obtained. 

Chloride and Bromide of Boron. — Chloride of boron is prepared by 
. passing a current of chlorine over a mixture of boracic anhydride and 
carbon heated to redness ; the carbon takes the oxygen, while tho boron 
combines with the chlorine. 

(b*o*) + 3(c) + 6(g)) = a(co) + 2^B'" 

Boracic Carbon. Chlorine. Oxide of .Chloride of 

anhydride. carbon. boron. 

The mixture of boracic anhydride and carbon is made by mixing the 
two bodies finely powdered, and making them into a paste with starch. 
When the paste is firm enough it is rolled into halls, and these are 
calcined in a crucible ; the starch is destroyed, and we have thus small 
balls formed of bgraoic anhydride and carbon. 
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These balls are placed in a tubulated stoneware retort in a reverbe- 

ratory furnace (fig. 26) ; into the upper part of this retort there passes 



Fig. iSO. 


a porcelain tube, which goes to the bottom. This tube is sufficiently 
long to prevent its getting very hot at its upper part, so that by 
means of a glass tube and a cork it may bo placed in communication 
with the apparatus in which the chlorine is produced. 

The lateral tube of the retort is joined to the refrigerating apparatus 
intended to condense the product. 

W hen the apparatus is thus prepared, on making the retort contain- 
ing the mixture of boracic anhydride and carbon red hot, and direct- 
ing into it a current of very dry chlorine, chloride of boron is produced. 

Under the influence of water, chloride of boron decomposes into 
hydrochloric and boracic acids. 

(”) + !, (n | °) * »(">!) + (n ; K) 

Chloride Water. Hydrochloric Boracic acid. 

of boron. acid. 

The bromide of boron would probably be obtained by a similar pro- 
cess, but as yet it has only been prepared by the direct action of 
bromine vapour on red-hot boron. 

Fluoride of Boron. — The fluoride of boron is obtained by heating 
boracic anhydride with fluoride of calcium to bright, redness. 

2 ( B*0" ) + a ( CaFl*) = 2( BFP) + (JJ ! | O') 

Bovacic Fluoride of Fluoride of Bora.c or 

anhydride. calcium. lmron. calcium. 

Fluoride of boron may also be prepared by heating a mixture of 
fluoride of calcium, sulphuric acid, and boracic anhydride : 

Jv 
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+ 3 (CaFl*) + 3( S g‘"}0*) = 3 (ca"”} °*) + 

Fluoride of Sulphuric acid. Sulphate of 

calcium. calcium. 

3 (h}°) + 2 ( BFla ) 

Water. Fluoride of 

boron. 

Fluoride of boron on contact with water gives rise to acids, which 
are called borofluoric and liydrofluoboric, whoso constitution is not well 
known. The latter, nevertheless, seems to bo the result, of the union 
of a molecule of hydrofluoric acid with a molocule of fluoride of boron. 

It enters into double decomposition with bases, and produces double 
fluorides of boron and the metal of the base. 

If this be really its composition, its mode of formation and its action 
on liases would be expressed by the following formulas : 


(bv) 

Boracic 

anhydride. 


4 (BIT) + 3 ( II J °) 

Fluoride of Water, 

boron. 

(BFIMTFl) + (JVf0) 

Hydrofluoboric acid. Hydrate of 

poUuwiuni. 


3(BFI»,HFl) + (JJ'foi) 

liydrofluoboric acid. Boracic 

acid. 

(2}0) + (r.FF.KFl) 

Water. Double fluoride of 

boron and potassium. 


Combinations of Boron with Diatomic Mktalloids. 

Combinations of boron with sulphur and oxygen are known. They 
have for formula (15*0*) and (B 2 S*). 

The first of these bodies is an anhydride, which, on reacting with 
water, is transformed into triatomic boracic acid. 



Boracic Water. Boracic acid, 

anhydride. 


The second, on contact with water, decomposes, giving rise to boracic 
and hydrosulphuric acids. 

(b* 9*) + «(“}o) . 0 (g} S ) + S(“T}0-) 

Sulphide Water. Hydrouulphuric Boracic acid. 

of boron. acid. 

Boracic acid is procured from the gaseous exhalations (called soffioni) 
of the soil in Tuscany on the borders of small lakes, whose waters yiold 
it on simple evaporation. This water always containing hydrosul- 
phuric acid, we must suppose that the soil of Tuscany contains at 
a great depth sulphide of boron, and that this sulphide is decomposed 
by the vapour of water, of which the soffioni are chiefly composed. 



SILICON. vn 

Boracic acid at, 100° loses a molecule of water, forming a first anhy- 
dride j oj. At red heat this anhydride is doubled, while it 

loses at the same time a second molecule of water to form a second 
boracic anhydride. 

Qo) + (“2)0) - (]?::}<,) + (I! Jo) 

1st boracic 1st boracic Ordinary WaPr. 

anhydride. anhydride. boracic anhydride. 

This phenomenon is often met with in chemistry. The acids con- 
taining more than two atoms of typical hydrogen, after losing a 
molecule of water, still contain typical hydrogen. The result is that 
these acids may give rise t,o several anhydrides presenting different 
degrees of dehydration. The number of anhydrides possible, is equal 
to the number of atoms of typical hydrogen which the acid contains. 
The same phenomenon is also observed with polyatomic bases. 

Combinations of Boron with Tktra and Pent atomic Metalloids. 

No definite combination of boron with tctratomic metalloids is known. 
Among the pentatomic metalloids there is one, nitrogen, which com- 
bines with boron. Tins formula of nitride of boron is (B'"N): bases 
decompose it into ammonia and metallic borate. 

(bn) + 3 ( 2 } O) - (“;>■) + Ml- 

Nitride Hydrate of Borate of Ammonia. 

nflmnni. potassium. potassium. 


FOlIltTTT GKOITr (TETH ATOMIC METALLOIDS). 


SILICON Si iv . 

Atomic weight. - 28. Molecular weight unknown. 

Silicon may be obtained in several ways, and possesses propcrl ics 
which differ according to the method used for its preparation. 

1st. 'Hie double fluoride of silicon and potassium is calcined with 
potassium. Silicon and fluoride of potassium are formed, and are to be 
treated with water, which dissolves the latter salt and leaves the silicon 
free. 

Thus prepared, silicon is brown, amorphous, infusible, and insoluble 
in all menstrua. At a high temperature it becomes oxidized, but 
always incompletely, because the oxide formed preserves the silicon 
not yet acted on. Calcined with hydrate of potassium, this body gives 
rise to silicate of potassium, and hydrogen is disengaged. 

+ <b) - (FM + *fS|) 

Silicon. Hydrate of Silicate of Hydrogen, 

potassium. jiotussiuni. 
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2nd. Silicon may he prepared by transmitting its chloride over 
melted aluminium, as was the case with boron. By this method 
brilliant scales are obtained, which differ from the preceding silicon 
by their external properties. M. Deville has named this grapliitoidal 
silicon. 

;»rd. The vapour of chloride of silicon may bo decomposed by melted 
sodium: the silicon thus obtained is amorphous , but when heated with 
sea salt at a very high temperature it melts and then crystallizes. 
Its crystals assume the same form as the diamond, are able to cut. glass, 
and no longer present any properties of ordinary silicon. It is known 
as crystalline silicon. 

Do amorphous, grapliitoidal, and crystalline silicon constitute three 
allotropic states of one body, or do these threo modifications proceed 
from polymorphism ? At present this has not been decided. 


COMBINATIONS OF SILICON WITH METALLOIDS 
PREVIOUSLY STUDIED. 


/ Si IV 1 \ 

Chloride of Silicon jj. — This body is obtained by passing a 

current of dry chlorine over a mixture of silicic anhydride and carbon, 
heated to redness. 


(W) + (' + 2(j:{ j.) = (00 s ) + (SilJl*) 

Silicic Carbon. Chlorine. Carbonic. Cklorkloof 

anhydride. anhydride. silicon. 

The same method is employed as that used for the preparation of 
chloride of boron. 

Chloride of silicon is liquid : on contact with water it decomposes 
into hydrochloric and silicic acids. 


<“•) + 4 (iii°) 

Chloride of Water, 

silicon. 



Silicic acid. 


+ 



Hydrochloric 

acid. 


On heating silicon nearly to redness in a current of diy hydrochloric 
acid gas, a product is obtained which seems to have for formula 
(Si 3 Cl ,; ,4riCl)? (old notation [Sm a ,2HCl]). 


Bromide of Silicon 



This is obtained by a similar process 


as the chloride : it is liquid like the chloride, and decomposes in an 
analogous manner on contact with water into hydrobroinic and silicic 


acids. 

Silicon heated to dull redness in a current of hydrobroinic acid gas 
gives a compound the formula of which appears to bo (Si 8 Br fl ,4IIBr) ? 
(old notation [Si 2 Br 3 ,3HBr]). 


Iodide of Silicon 


< 


8i ,v | 

r 


). — This compound has 


not yet been 
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obtained ; but when gaseous hydriodic acid is made to act on silicon 
heated to low redness, a body is produced, Ihe formula of which seems 
to be (Si 8 I e ,4HJ) ? (old notation 


* I have said, following M. Washier, that silicon, when heated in a current of 
gaseous and dry hydrochloric, hydrobromio, or hydriodic acid, furnishes bodies an- 
swering to the formula } — 

[SPCIWIICl] [SPlW'MDr] [SPF4III]. 


These formula? appeared to me to ho scarcely probable ; so, to avoid being accused 
of having badly translated them from the old to the new notation, I gave I ho two 
notations side by side. 

Messrs. Friedol and Ladcnburg have just justified my doubts. These chemists, 
on rectifying Wouliler’s compound, have obtained a liquid which is volatile at from 
3*1° to 37°, answering to the formula (SillCl 3 ). This formula is that of chloroform 
(CIIC1 3 ), with the carbon replaced by silicon ; and not only its formula but also its 
reactions lead us to regard it as silicatcd chloroform. 

1st. Under the influence of ethylate of sodium, chloroform exchanges its three atoms 


of chlorine for three atoms of ox-ethyl, and furnishes the compound 


M OCW 
nrvua 


Hi) 


-f 3;NaOC 2 II 5 . = 3 :NuC1 ; 


n v 

OOWI 
00* IF I* 
ocnv>/ 

l c f GC 2 hA 

) GO- 1 1 5 I 

\ 1 OC-’H r> / 


Chloroform. 


Ethylate of 
sodium. 


Cliloridi’ of 
sodium. 


Silico-ted chloroform gives an identical reaction when made 



-f 3(H0C a IP) 


3'H01) + 


Silicated 

chloroform. 


Alcohol. Hydrochloric 

add. 


to act on alcohol. 



2nd. Silicated chloroform, when treated by alcoholic potash, exchanges 201 for G, 
and 01 for OK, in order to giveformiate of potassium, and consequently formic acid. 

Treated by water it exchanges its chlorine for oxj'gen, and furnishes, not the acid, 
but formic anhydride, which contains silicon instead of carbon. 


2 



+ 


3;n 2 0) 



Silicated Water, 

chloro'orm. 


When the body 



Hydrochloric s ■■■■ 

acid. Silicated formic nnliydride. 


is submitted to the action of sodium, this metal, by 


virtue of n catalytic action, divides it into silicate of ethyl and silicated hydrogen- 
MM. Friedel and Ladcnburg have obtained pure silicated hydrogen for analysis by 
this method, which has also enabled them to establish experimentally that its formula 
is indeed (Sift 1 '', as chemists supposed. The reaction which gives rise to this gas is 
expressed by the following equation : — 



Silicated Silicate of ethyl, 

hydrogen. 
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Fluoride of Silicon ^ |j. — This fluoride is obtained by causing 

hydrofluoric acid to act on silicic anhydride, or, which is the same 
thing, by submitting this anliydrido to tho action of a mixture oi 
sulphuric acid and fluoride of calcium. 

(so-) + 4(5,0 - ($"!) + Hh}°) 

Silicic Hydrofluoric Fluoride or AVuut. 

iin hydride. acid. silicon. 

Fluoride of silicon is a gas which in the air emits thick Avliite fumes. 
It may be liquefied by means of strong pressure and considerable 
(•old. Water decomposes it, forming silicic acid, and another acid 
which has received the name of liydrofluosilicic acid, and which corre- 
sponds to the formula (2HFl,»Si ,v Fl 4 ). 

3 (it)) + 4 (iT } °) = (n*) °‘) + 2 (si ,v Fl 4 , 2 lIFl ) 

Fluoride of Water. Silicic acid. IJydroflmwilicie acid, 

silicon. 


liydrofluosilicic acid undergoes double decomposition with bases, 
and thus gives rise to double fluorides. 

( fcSi ,v Fl 4 ,2]TFl j + ^(n}°) = (Si ,v Fl 4 ,2KFl) + 2(jJ) o) 

liydrofluosilicic Hydrate of T Hmble fluoride of AVutor. 

acid. potassium. silicon uud potassium. 


Silicated Hydrogen. — Silicatcd hydrogen is fonned when the silicide 
of magnesium is decomposed by hydrochloric acid. 

(“"“*■) + 4 ("() * + (ii'l) 


Silicide of Hydrochloric Chloride of SiUcated 

magnesium. acid. magnesium. hydrogen. 

This body has not as yet been obtained in a pure state. 

Silicic Anhydride (HiO 2 ). (Synonym : Silica ). — Silica is veiy abun 
dantly distributed in nature. It occurs in rock crystal, quartzose sand, 
agate, flint, etc. It may be obtained very pure by transmitting a 
current of gaseous fluoride of silicon into water, collecting on a filter 
the gelatinous precipitate which is deposited, and drying it by a 
gentlo heat. 

Silica is insoluble in pure water, in alkaline solutions, and in acids. 

No metalloid decomposes it ; but at a bigli temperature it may be 
decomposed by causing two bodies to act, the one having affinity for 
ox3 T gcn and the other for silicon ; carbon and chlorine, for example. 

Silicon forms salts when heated Avith bases or basic anhydrides. 


These salts answer generally to the formula j, o*j. 

Its salts of potash or soda are soluble ; hydrochloric acid, nitric 
acid, carbonic anhydride, etc., precipitate a gelatinous hydrate of silica, 

probably silicic acid ^ ® j 4 1 O 4 ^. An excess of hydrochloric acid redis- 
solves the precipitate. 
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Gelatinous silicic acid loses water in the air, and is transformed into 
a condensed acid answering to tlio formula ^ ^ j^ 4 1 O 8 ^, which seems to 
be the second anhydride of an unknown acid whose formula would be 

( H® } ^ l °)’ 

(“■}«") - 2(}}}o) = (g:f o-) 

Tho acid ( jjj* j- 0“Y heated to 1 00°, loses the half of its hydrogen in 

7 / g j3 j \ 

the state of water and is transformed into a now anhydride ( Jj* O 7 ). 

M. Ebelmen, on decomposing silicic ether by water, has obtained a 
silicic acid which has for formula ^ | 0 6 j. This is probably the first 

anhydride of ail unknown acid whose formula would be ^ j| 6 | O 7 ^. 

The known hydrates of silica are far from being the only possible 
ones: theoretically, we may admit tho existence of tho following 
hydrates : — 


SATURATED ACIDS. 


ANHYDRIDES. 


OH | 

pv Oil | 

OH i 

Oil 

Silicic acid. 


Si" 011 
bl | OH 


Disilicic acid. 


OH 


. „ J OH 


01 OH 
0 

Si" 0IT 

61 I OH 

l OH. 

Trisilicic acid. 


ro" 
Si" ^ on 

l OH 

First silicic 
anhydride. 


Si" ' 

0" >, 

OH / 

1 0" ^ 
Si" j Oil 

0 f 

► 

0 ( 


[ OH 

Si" j 

| OH 

Si" { Oil 

wd 

1 011 ' 

1 0 " 


1st Disilicic 
anhydride. 


1st Triuilicic 
unhydridc. 


mnl Disilicic 
anhydride. 


i OH 
0 

u:i* | OH 
bl | OTI 
0 

Si" \ OH 
l 0 " 

2nd Trisilicic 
anhydride. 


Si" 

|0" i 

1 

OH 

Si" J 

0 

> 0 " 

1 

0 

Si" j 

OH 

1 

0" J 


3rd Trisilicic 
anhydride. 






SILICIC ANHYDRIDE. 




138 


PRINCIPLES OF CIIEMISTKY. 


Jn fact, on account of tbc slight stability of these acids, few of them 
exist in a free state, but many salts are known which correspond to 
them. These salts constitute a great part of the numerous minera- 
logical sj>ecies whose formulas up to this time appeared so compli- 
cated. 

33y placing the hydrochloric solution of silicic acid in a cylinder 
open at one end and closed at the other by parchment paper (paper 
soaked in sulphuric acid, washed and dried), then placing this in 
water, Mr. Graham has obtained a soluble silicic acid. In this 
process, which he calls dialysis, the hydrochloric acid and the different 
crystal lizable substances which the solution contained pass through 
the parchment-paper, and the soluble silicic acid remains in a pure 
state on the top of this paper. This acid seems to belong to a very 
condensed type. A very small quantity of potash suffices to saturate 
it ; it is easily destroyed, and is transformed into gelatinous silica* 
Time alone produces this result. 

Sulphide of Silicon (Si ,v S*). — Sulphide of silicon may be obtained in 
a pure state by transmitting tlio vapour of sulphide of carbon over 
silica lieatcd to redness. Water decomposes it., forming hydrosul- 
phuric acid and a variety of silicic acid which remains dissolved. 
This phenomenon explains the formation of natural silicious waters. 


CARBON 0. 

Atomic weigliL — 12. Molecular weight unknown. 

There are many varieties of carbon ; these have common properties 
and distinctive characters. 

The common properties are tbc following : 

Carbon is infusible at the highest temperatures and insoluble in all 
known liquids. At a temperature which varies for each variety, it 
combines with oxygen, giving rise, according to the quantities of oxygen 
employed, either to carbonic anhydride (CO*) or to oxide of carbon (CO), 
which are both gaseous. 

It. lias been stated that certain varieties of carbon combine directly 
with hydrogen under the influence of a strong electric current, forming 
a hydrocarbon (C*1I 2 ). It is probablo that all the varieties of carbon 
would undergo the same reaction if they all were sufficiently good 
conductors of electricity. 

The known varieties of carbon are : the diamond, graphite, charcoal, 
animal black, lamp black, burnt sugar, and gas coke. Wo might also 
add anthracite, pit coal, and peat charcoal ; that is to say, the mineral 
combustibles ; but these being only vegetable bodies more or less car- 
bonized, are far from constituting definite chemical species, and there- 
fore their study is loft to naturalists. 

Diamond. — The diamond is carbon in crystals belonging to the cubic 
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system, which often have 48 facets. These facets have a great tendency 
to form curves. Diamonds are generally colourless ; there are, never- 
theless, some that are black, or variously coloured. 

Diamond is the hardest known body ; crystallized boron approaches 
the nearest to it in this respect. Its density is from 3 • 60 to 3 • 55 ; 
it is transparent, and the most refracting of all solid bodies; its 
constitution has been established by its combustion in oxygen. It has 
been stated that in this case carbonic anhydride is formed ; that is 
to say, the same compound which is produced when ordinary carbon 
is burnt. When highly heated, diamonds are transformed into a 
substance analogous to graphite. They are therefore not formed by 
fusion at a high temperature. They are found in alluvial earths, 
probably far from where they were formed, and their natural state 
gives no indication relative to their mode of formation. 

The diamond can be cut by the help of its own dust or of that ofj^ 
crystallized boron. 

Graphite (Plumbago). — Graphite is that variety of carbon used for 
making pencils : it exists in a natural state. It may be obtained arti-; 
ficially by slowly cooling melted cast iron holding an oxccss of carbon 
in solution. The iron, solidified, leaves the graphite ; any iron which 
it may contain is dissolved by hydrochloric acid. 

Graphite may bo prepared by means of chloride of carbon by a pro- 
cess analogous to that wo described for graphitoidal silicon or boron, 
but tho aluminium must bo replaced by iron. 

Graphite crystallizes in very brilliant black plates ; it is soft enough 
to leave marks on paper ; it has a metallic lustre and bums with 
difficulty. 

Sir B. ( ■. Brodic, by causing an oxidizing mixture composed of nitric 
acid and chlorate of potassium to act on graphite at 00°, has obtained 
an acid body whose formula appears to be (C ll TI 4 0 5 ). On comparing 
this acid with a body obtained by M. Woollier by means of graphitoid 
silicon, and which has for formula (Si 4 II 4 0 5 ), and reflecting on the fact 
that the acid prepared with graphite cannot bo obtained with any other 
variety of carbon, Brodio admits that this acid answers to the 
formula (C 4 II 4 ()'). lie is obliged by this to attribute to carbon an 
atomic weight equal to 33, which presents no simple proportion to its 
ordinary atomic weight. In aid of this hypothesis, Brodie observes 
that while tho specific heats of the different, varieties of carbon do not 
accord with the atomic weight of this body, 12, the specific heat of 
graphite is in accordance with the atomic weight, 33. 

'These considerations are very important. Unfortunately, the for- 
mula of Sir B. C. Brodic’s compound and the analogies between this 
body and that of M. Woehlcr are not established sufficiently for the 
hypothesis we have just stated to bo considered as demonstrated. 
Nevertheless, the property of giving rise to a compound which can 
be obtained with no other variety of carbon shows that this metalloid 
exists in graphite under a particular allotropic state. Consequently, 
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analogy leads ns to believe that graphitoidal silicon also represents 
an allotropic state of silicon. 

Coke.— Coke is the carbon obtained by calcining pit coal ; it is 
porous, and is not easily combustible : 100 parts of pit coal yield from 
CO to 6.5 parts of coke. 

Wood Charcoal. — This carl>on is prepared either by distilling wood 
in a closed retort, or by setting fire to large quantities of wood covered 
with earth. The first method has this advantage, that it allows 
the volatile products, such as vinegar, wood-spirit, etc., to be col- 
lected ; but it gives a carbon which is little used. This process 
ought to be employed when wo wish to obtain an easily combus- 
tible carbon, as when it: is required for the manufacture of gun- 
powder ; but it must not be used when the charcoal is required as fuel 
for furnaces. 

Wood charcoal possesses the property of absorbing gases without 
combining with them. When it is already saturated with a gas, it is 
less able to absorb others: therefore, in demonstrating this property, 
wo must begin by calcining the carbon, or by exposing it some time 
in vacuo, in order to fipe it from the gases it contains. All gases are 
not equally absorbed by carbon; those that, are most soluble in water 
arc also the most, readily absorbed. 

The condensation of gases by carbon causes them to enter into 
reaction more readily. An explosion is produced when a piece of 
wood charcoal saturated with hydrosulphuric acid gas is brought into 
contact with oxygen. 

This absorbent property of wood charcoal causes it to be employed as 
a disinfectant, and to be used in medicine as a remedy for flatulence, 
to absorb the gases which fill the digest ivo canal. 

Wood charcoal also takes up colouring substances of organic origin, 
and oven certain mineral substances, among which is iodine. 

Animal Black. — This is prepared by calcining bones in closed 
retorts. This carbon always contains phosphate and carbonate of 
lime; but, by washing it with hydrochloric acid it is freed from these 
impurities. 

Like wood charcoal, animal black absorbs gases and disinfects, but 
in an inferior degree. On the other hand, it is a much bettor de- 
colorizer, and is therefore much used, and of great importance in 
manufactories and sugar refineries. 

Lamp Black.— Lamp black is prepared by receiving in proper 
chambers the black smoke resulting from the combustion of resinous 
or highly carbonaceous substances in presence of an insufficient quantity 
of oxj T gen. This carbcn is not pure ; it must be calcined in a crucible 
to free it from the tarry matter it contains. 

Lamp black constitutes a carbon in very fine powder, and is used to 
make Indian ink and other black pigments. In pharmacy it is em- 
ployed in the preparation of black caustic, which is composed of 
one part of this body and three parts of concentrated sulphuric 
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acid. Lamp black is used to give the sulphuric acid a pasty con- 
sistence. 

Carbon of Sugar. — This is prepared by calcining sugar. it is 
very spongy; but the walls of the interstices it contains are very 
compact and brilliant : the result is that sugar carbon has only the 
appearance of a porous body, and that it has not absorbing properties, 
it is a very pure carbon. 

Gas Coke. — The carhurettcd gases which are disengaged in the 
preparation of gas used for lighting, partially decompose on contact 
with the strongly -heated sides of the retort in which the distillation 
of the pit coal takes place. On these sides a very compact and hard ' 
carbon is deposited, which has a metallic lustre, and is a good con- 
ductor of heat and electricity. This carbon is employed in the manu- 
facture of certain electric batteries (Bunsen's). 

COMBINATIONS OF CARBON WITH THE METALLOIDS 
PREVIOUSLY STUDIED. 

The combinations of carbon with chlorine, bromine, iodine, and 
hydrogen will be studied in organic chemistry. We will only speak 
here of the compounds carbon fonns with oxygen and sulphur. 

Oxide of Carbon. — Carbonic oxide is obtained : — 

1st. By burning carbon in an insufficient quantity of oxygen: 

2C + | | | = 2(CO) 

Carlmii. O.vytfi'n. « Utrlioiiie 

oxide. 

2nd. By decomposing carbonic anhydride either by carbon or by red- 
hot iron : 

(CO*) + C « 2(CO) 

Carbonic Curium. Carbonic. 

anhydride. oxid»\ 

4(< ‘O') + i!('Po ) - (TVO 4 ) -|- 4(00) 

Carl ion ir. Iron. Oxiili* «»l Carbonic 

anhydride. iron. oxide. 

:!rd. By decomposing by carbon an oxide that is difficult to reduce, 
such as oxide of zinc : 

(Zn(>) + C =-- (CO) + Zn 

Oxide of Carbon. Carbonic Zinc, 

zinc. oxide. 

4th. By decomposing oxalic acid by bodies having a great affinity 
for water, like concentrated sulphuric acid. The carbonic oxide is then 
ioiind mixed with carbonic anhydride, from which it is sot free by 
passing it through a bottle filled with a solution of potash : 

(fjw + a.q.) = ::(}{}(>) + (oo) + (C0‘) 

Crystallized oxalic acid. Water. Carbonic Carbonic 

oxide. anhydride. 
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oth. Ry heating one part, of yellow ferrocyanule of potassium with 
throe parts of sulphuric aciil : 


( fi.‘(on )*k 4 ) + o 1 ) + ® ( n } o) = 


Yellow ferroc.vanide Sulphuric add. Waiter, 

or jioLusHuni. 



Sulphate of Sulphate of Sulphate of ammonium. Carbonic 

iron. potassium. oxide. 


Carbonic oxide is a permanent gas without smell or taste, colourless, 
hardly soluble in water, and of a density of 0*0G. 

It hums in air with a blue flame, producing carbonic anhydride. 
Two volumes of carbonic oxide consume one volume of oxygen to 
become transformed into carbonic anhydride, and the carbonic anhy- 
dride produced occupies two volumes. If the composition of carbonic 
gas be supposed to be known, the composition of oxide of carbon may 
bo deduced. In effect, the weight, of carbon contained in a given 
volume of carbonic anhydride is known. This quantity being the 
same as that which forms part of an equal volume of carbonic oxide,, 
on subtracting it from the total weight of this gas wo learn the 
weight of the oxygen. 

The tendency of carbonic oxide to absorb oxygon renders it a power- 
ful reducing agent. 

Exposed to Ihe sun, Ibis gas combines with chlorine, forming an 
oxychloride (chloride of carbonyl) (0001*), which decomposes on contact 
with water into hydrochloric acid and carbonic anhydride: 

( (, ° (,1 ‘) + (i!f°) - 2 (in i ) + (w) 

Oxychloride Wilier. Hydrochloric Carlton U: 

of carlton. acid. anhydride. 

( ’arbonie oxide is a very poisonous gas. 

Carbonic Anhydride (CO 1 ).— Carbonic anhydride is obtained : — 

1st. My burning carbon in an excess of oxygen : 


+ oj = (CO*) 

Carbon. Oxygen. Carbonic. 

anhydride. 

2nd. 15y decomposing a carbonate by hydrochloric acid. Carbonate of 
calcium is the one generally employed : 



Car! x mute of 
lime. 



Hydrochloric 

acid. 


= (bo*) 

Carbonic 

anhydride. 



Water. 



Chloride 
of calcium. 


Carbonic anhydride is gaseous at ordinary temperatures and under 
ordinary pressure. It is liquefied by a pressure of :>f> atmospheres. 
When liquid carbonic anhydride is thrown into the atmosphere, 
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a part immediately vaporizes and absorbs, in consequence, such 
a quantity of beat that another part passes into the solid state. To 
collect the latter, the liquid jet is directed into a hemisphere of iron. 
The carbonic anhjdride may be kept solid for some time without its 
returning to the gaseous state. Pressed betweeu tho fingers, it destroys 
the skin like a hot body. When mixed with ether and placed in the 
receiver of an air-pump, tho temperaturo is lowered to —100°. 

Gaseous carbonic anhydride has a density of 1*529. It may bo 
decanted in the air like a liquid. 

Water dissolves its own volume of this gas, but does not combine 
with it to form an acid ; on the contrary, carbonic anhydride combines 
directly with basic anhydrides to form salts. It also combines with 
bases ; the production of a salt is then accompanied by that of a mole- 
cule of water : 


(00*) 

+ (r>a"o) 


/0O"| 

( r) 

Carl Kin ic 
anhydride. 

Anhydrous 
oxide or barium. 

(.'urlxuiuto of 
barium. 

(oo*) + 

10 

11 

csw 

+ 

/in ( , 

In i 

Carbonic 

anhydride. 

Hydrate of 
potassium. 

Carbonate of 
potassium. 


Water. 


Carbonic anhydride loses half its oxygen when passed over iron or 
carbon heated to redness. The electric spark decomposes it also into 
carbonic oxide and oxygen. 

Carbonic acid gas does not bum nor support combustion. It also 
does not support respiration, but it is not nearly so poisonous as car- 
bonic oxide. On injecting it into the different cavities of the body, 
local anesthesia is produced. 

When carbon is burnt in pure oxygen so as to entirely transform tho 
latter into carbonic anhydride, it is observed that the gaseous volume 
does not vary. If, therefore, from the weight of a given volume of 
carbonic anhydride that of an equal volume of oxygen be subtracted, 
the difference will express the weight of carbon contained in this gas. 

M. Dumas prefers to operate so as to omit all consideration of volume-. 
Tie bums a known quantity of pure carbon (diamond) in a current 
of pure oxygon, and then passes the gases into tubes full of potash, 
previously weighed, and intended to absorb the carbonic anhydride. 
On again weighing these tubes after the experiment, the weight of the 
carbonic anhydride formed is determined, and on subtracting the weight 
of carbon burnt, the oxygen is known by the difference. 

Sulphide of Carbon (CS"). — The sulphide of carbon is obtained on 
passing sulphur in vapour over red-hot carbon. It is a fetid liquid, 
volatile at 40°. It burns in air with a dull flame, giving carbonic 
and sulphurous anhydrides. It is an excellent solvent for iodine, 
sulphur, and phosphorus, and combines witli alkaline sulphides (sul- 
phides of potassium or sodium), forming sulplio-salts. 
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(OS') + (k-s) - ( c *"[s-) 

Sulphide; Sulphide Sulphocarbonate 

of carbon. or potassium. of potassium. 

The solution of these alkaline sulpho-salts is precipitated by soluble 
salts of lead, forming sulphocarbonato of lead. 


(«>■) + (^}o.) 

Sul pliocarl ^male Nil rale of lend, 

of jKitatisiuni. 


K k k}°) + (i?W 

Nifrnfe of Sulphocarbonate 

fKitjibHum. of lead. 


Finally, the plornbic sulpho-salt, digested in water through which is 
transmitted a current of hydrosulphuric acid, decomposes into sulphide 
of lead and sulphocarbonic acid. 



SulphocarlHinate 

of leinl. 



llydrosulpluirlc 

iwiil. 



Sulpliocurbonir 

acid. 


+ (Pb"S) 

Sulphide 
ol lead. 


Sulphide of carbon is used in gutta-percha manufactures. It softens 
this substance : its vapours, which are very deleterious, produce serious 
effects on the workmen who breathe them. 


TIN Sn. 

Atomic weight = 118 . Molecular weight unknown. 

Tin is found in llie shite of oxide, mixed with sulphide and arsenio- 
sulphido. The mineral is first roasted in air to transform all into 
oxides ; then it is intimately mixed with carbon and licatcd. The 
carbon becomes converted into oxide of carbon, and this reduces the 
oxide of tin to tlio state of metallic tin. 

(SnO 2 ) + 2(00) - 2 (CO 2 ) + Sn 

. Oxide of Oxido of Carbonic Tin. 

tin. carbon. anhydride. 

'j Malacca tin is very pure. 

Tin is silver- white in colour ; it is soft, and very malleable ; it has 
a crystalline structure, which is shown by causing an acid to net on its 
surface. The crystals made visible form coloured rings. 

Tin cannot; be directly pulverized,' but it is obtained in powder by 
melting and stirring it constantly while cooling. 

it melts at 228°; it is preserved for an indefinite time in air while 
cold, but it easily oxidizes when melted, and at a red heat it burns 
very brightly, giving rise to stannic anhydride (SnO 8 ). 

Oxydizing bodies, such as nitric acid or nitrate of potassium, act on 
tin, producing either metastannic acid (SnTT l0 O lv ), polymeric with 
stannic acid (SnH*O a ), or stannate of potassium (SnK*O a ). 

Tin unites directly with phosphorus, sulphur, chlorine, bromine. 
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and iodine. Hydrochloric acid dissolves tin, disengaging hydrogen and 
forming protochloride of tin. 



Hydrochloric Tin. Protochloride Hydrogen. 

• ucid. of tin.* 


Differing in this from all the metalloids wo have previously studied, 
tin forms with oxygen an oxide (SnO), which is a true basic anhydride, 
capable of combining directly with acid anhydrides and with acids, 
forming salts, with the elimination of water. These salts may be 
recognized by the following characters : 

1st. Water decomposes thorn, forming an insoluble sub salt, while a 
certain quantity of acid set free, holds in solution a portion of tho 
salt undecomposed. 

2nd. Potash added to this solution, causes tho formation of a precipi- 
tate soluble in an excess of the reagent, but which again becomes depo- 
sited when the solution is exposed in vacuo. 

3rd. The chloride of gold produces in the solution of these salts a 
purple-coloured precipitate (the purple of Cassius). 

4th. Hydrosulpliuric acid gives rise to a brown precipitate, soluble 
in hydrosulphate of ammonia and in boiling hydrochloric acid, but in- 
soluble in ammonia. 


COMBINATIONS OF TIN WITH METALLOIDS 
PREVIOUSLY STUDIED. 

Protochloride of Tin (SnC-1 2 ). — This compound is obtained by dis-f 
solving tin in hydrochloric acid. It is a crystalline body, and is vola- 
tile at a low red heat. 

Water decomposes it into hydrochloric acid and oxychloride of tin 
(Sn a Cl 2 0). 


+ (£}o) - H + *(«}) 

Piotochloride Water. Oxychloride Hydrochloric 

ol' tin. ol Mu. ucid. 

The solution of protochloride of tin, heated in presence of hydro- 
chloric acid and sulphurous anhydride, gives rise to a yellow deposit 
of bisulphide of tin : 

0 ( cV 2 }) + 2 ( s ° 2 ) + 8 (ci [) = ( SnS ‘) + G (ci 4 }) + 4 (h! °) 

Protochloride Sulphurous Hydrochloric Bisulphide Tetrachloride Water, 

of tin. anhydride. ncid. of (in. of Lin. 

* Tho term proto, placed before chloride, does not indicate, as the term mono would, 
that the compound contains a single atom of chlorine, but that it is the Jenst chlorinated 
of all the compounds which tin can form ; it represents the first degree of chlorinution 
of tin. 


I. 
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The protochlorido of tin has a strong affinity for chlorine, which 
transforms it into perchloride of tin, and for oxygen, which transforms 
it into a mixture of perchloride of tin and stannic acid : 


2 (SnCl 2 ) + o} + (h}°) “ ( (Sn i?"}° s ) + (SnCl 4 ) 

Protocliloridc Oxygon. Water. Stannic acid. ’’TftilT' 0 

of tin. 


Perchloride of Tin. — This body is prepared by passing a current of 
chlorine in excess over tin gen tty boated. It is a fuming liquid, 
which forms with water a crystal! izablo hydrate (SnCT,oaq). 

Bases decompose it into metallic stannate and chloride : 


(&}) + * 
Perchloride Potash, 

ol* tin. 


+ «(5}) + .(S}0) 

Potiissic simulate. Chloride of Water, 

potassium. 


Hydrosulphuric acid added to the solution forms a yellow precipitate' 
of sulphide of tin, soluble in ammonia, in hydrosulphate of ammonia, 
and in boiling hydrochloric acid. 

The chloride of gold does not precipitate it. 

Bromides of Tin. — The protobromide of tin is prepared like tlicpro- 
tocliloride, and possesses analogous properties. It is the same with the 
porbroinide. 

Iodides of Tin. — The protiodido of tin is prepared by the direct 
combination of one atom of tin and two atoms of iodine. Its properties 
are analogous to those of the protocliloridc and the protobromide. The 
periodide is also obtained by direct synthesis, and possesses similar 
properties to those of its two congeners. 

Fluorides of Tin. — Two fluorides of tin arc known : the protofluoride 
(SnFP) and the perfluorido (SnFF). These are obtained by treating 
either the protoxide of tin or stannic anhydrido by hydrofluoric 
acid : 


(SnOj 

+ 2 (?i}) - 

(SnFl 2 ) 

- (11 H 

Protoxide 
or tin. 

Hydrofluoric. 

acid. 

Protofluoride 
of tin. 

Water. 

(SnO 2 ) 

n 

1 = 5 , 

+ 

(SnFF) 

+ 2 (S}°) 

Stannic 

anhydride. 

Hydrofluoric 

acid. 

Perfluorido 
of tin. 

Water. 


Protoxide of Tin.— When protochlorido of tin is precipitated by 

potash, protoliydrato of tin is obtained ( S jp j 0 2 j. This body is 

white and insoluble in water. It can act as a base, that is to saj 7 , it. 
can enter into double decomposition with acids, or it can act as an 
acid, entering into double decomposition with bases : 



117 


STAXNJP ACU\ 


w + 

/SO 2 ” 

V TT 3 | 

I 0 *) - 

/fieri ( A 

{ Sn" 1 U ) 

+ a(‘{ l<» 

Hydrate of tin. 

Sulphuric acid. 

Sulphate or tin. 

WtttiT 

(rw + 

n 

''o' 

(?.» 

+ 2(!J}o) 

Hydrate of tin. 

Potash. 

Stannite of 
potassium. 

Water. 


The aqueous solution of stannite of potassium, left in vacuo, deposits 
black crystals of anhydrous oxide of tin, which decrepitato when heated 
and are transformed into small laminae of an olive colour. Tlic same 
solution, submitted to the action of heat, becomes transformed int«» 
stannate of potassium and tin, which is precipitated : 


Stannite of 
potassium. 


(!;}») 


(SnO)" 


•<>ri 

K 3 ( 


<>- 


Wfttrr. 


Stuuimlc «»f 
potassium. 


*(f.H 

Potash. 


+ »Sn 


Hydrate of tin boiled w r ith an exeess of anuuonia loses water, and 
"there remains anhydrous protoxide of tin of an olive colour : 



Hydrate of tin. Anhydrous Water, 

protoxide of till. 


When the protochloride of tin is precipitated by tin excess of am 
monia, in which it is boiled for a short time, and the mass dried wil limit 
separating the hydrochlorate of ammonia formed, a protoxide of tin is 
obtained of a fine red colour. This oxide becomes olive, on friction. 

Protoxide of tin is therefore polymorphous, and the most stable of its 
three forms is that in which it has an olive colour. 

Stannic Anhydride (SnO*) ( Stannic ami Mrtasfannic Aruls). —Stannic 
anhydride is formed when stannic? and metastarinic at ids are strongly 
calcined. It constitutes a white mass, insoluble in water, and capable 
of forming stannates when heated with an excess of potash or soda. 

Stannic Acid ^(Sn())^ | — This acid is none other than the first. 

anhydride of the unknown acid^ | It. is obtained by precipi- 

tating the stannates by hydrochloric acid : 

rs» + 2 (S!) - nsv-) + 2 <n i) 

Stannate of Hydrochloric Stannic arid. Chloride ■»! 

poinasium. add. poiiis.-nim. 


It is a white gelatinous body, soluble in dilute nitric and sulphuric 
acids. 

Under the influence of a gentle heat it becomes transformed into a 
polymeric body, metastannic acid : 



Stannic acid. 


(Sno/I 
' II'” | 

McLcd.-uiiiie acid. 


L 2 
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At a red heat it loses its water, and is transformed into stannic anhy- 
dride. 

It combines with bases giving salts, the formula of which is : 


Metastannic Acid O 10 ^. — This is the first anhydride of the 

( Sn s ) \ 

|I | S > Q-l 


It is obtained by heating tin with nitric acid : 


15Sn -f 5 

Tin. 


(}| } <-)) + 20( N °'J o) = 3^ Sn 2?I}()“) + 20(NO) 


Water. 


Nitric tidd. 


Metastannic 

acid. 


Hinoxidc 
of nitrogen. 


Metastannic acid is a white crystalline body, insoluble in water, and 
in dilute nitric and sulphuric acids ; it dissolves in hydrochloric 
acid and in concentrated sulphuric acid. Water does not precipitate it 
from its solutions. 

When it has been prepared by means of nitric acid, it is insoluble in 
ammonia ; hut if it has been precipitated from the solution of one of 
its salts by means of an acid, it dissolves readily in this alkali. 


/(SnOV) \ 

With bases it forms salts whose formula is I It" > O 10 1. 


Heated with an excoss of base, these sails are transformed into 
stannatos. 

Sulphides of Tin. — There are two sulphides of tin : the protosul- 
pliide (SnS), and the bisulphide (SnS*). 

Both these may be obtained by transmitting a current of sulphuretted 
hydrogen into the corresponding chlorides : 


/Sn"T 

WH 

1 + *(h'K) 

= (Sn'\S 2 ) 

- *("!) 

IVrchloridr 

1 Sulphuretted 

bisulphide 

Hydrochloric 

of tin. 

hydrogen. 

of tin. 

ucid. 

/Snj 

'■) + (El 8 ) 

ii 

+ 

>(S}) 

Pmtocliloride Sulphuretted 

of tin. hydrogen. 

l’rotosulphidc 
of tin. 

Hydrochloric 

acid. 


Bisulphide of tin may also be prepared by heating a mixture of 
12 parts of tin amalgamated willi 0 parts of mercury, 7 of sulphur, and 
6 of chloride of ammonium, until complete evaporation of the mer- 
cury and the ehlorido of ammonium takes place. 

The two sulphides of tin can be combined with alkaline sulphides, 
producing sulpho -salts. 
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ZIB CONIUM-TITANIUM - THOEDIUM. 

These bodies are too rare, and of too slight, importance to be studied 
in detail in this work. Their properties place them by flie side of the 
preceding metalloi ds . 


GENERAL REMARKS ON TETif ATOMIC METALLOIDS. 


The simple bodies of this family, being tetrat omit 1 , ought to be able 
to combine at most with four monatomic radicles, forming compounds 
which correspond to the formula (If'X 4 ). Moreover, as polyatomic 
radicles have the power of accumulating in molecules, the simple 
bodies of this family may form with monatomic radicles an indefinite 
number of compounds containing any quantity of these latter, inferior 
to four atoms for one of the totratomic. body. 

Let us, like M. Kekule, for example, represent a tetratomic nt<>m by 
the figure cv*„> O, and a monatomic atom by the figure c-i, we may 


conceive : 

1st. That a tetratomic atom may be saturated by four monatomic 
atoms 

2nd. That two tetratomic atoms may be saturated by six mona- 
tomic atoms, the two tetratomic atoms partially saturating each 

other CCCIID® '■) 
omcr ^ {V (DO^LnZU 

3rd. That three tetratomic atoms may he saturated by eight mona- 


tomic atoms ( -j-— ( [- 


(i) o _.i „ r_ i wT' 
Jlij C«J (D CiZ.il 


(i 'D 
:i_ij 


Tn a word, that a group formed by any number of tetratomic atoms 
requires for its saturation a number of monatomic atoms equal to double 
the number of tetratomic atoms + 2. Thus, on designating by K the 


tetratomic radicle, and by X the monatomic radicle, we shall have 
for all the possible saturated compounds ot these two radicles the 
general formula R" = X a,,+2n , without being able up to the present time 
to fix the limits of tlio values of n .* 

As every saturated body may lose a part of its elements giving rise 
to incomplete molecules, wo may further conceive that each ol the com - 


* In order that a body shall really exist, it is not, sufficient Hint the atoms which 
constitute it possess the number of centres of attraction without which the grouping 
would bo impossible ; elective affinities are also necessary, able to iMermine the sta- 
bility of the grouping. If, for example, three tetratomic atoms and eight nioii.it* »m i*. 
atoms had less tendency to form a single molecule of the form 
rl — I — r~T ) Cl; (ij 1 OT ■ H - 

C|> («; ( I T I i.) (|> ID ( D 

fMTfJ I'D 


CD 


tliun to form three molecules of the form |-J" \ \ Jj cv ftm * 
the group It v,a X' H would never be produced. 


• i i i i 

iM.l.'l. I 


. it is e viih ut Hint 
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pounds corresponding to the preceding general formula may lose 
successively 1, 2, 3, 4, 5. . . .» molecules of the monatomic element, 
thereby forming now non-saturated compounds. (When the monatomic 
clement those bodies have lost is hydrogen, M. Lourengo calls them 
anhydrogenidcs.) 

• Between carbon and hydrogen, for example, all the following combi- 
nations are theoretically possible 


N ON -SATUKATKI J COMTKHJNlJS. 


P II 4 

o jp 

(? IP 

o-ip 

<? ip 

O 3 IP 

P 4 1I 10 

c 4 ir* 

0* IT W 

(1, H ,v 

(TIP 4 

O' 11“ 

O 7 IT 18 

o 7 ir 14 

( *” II JB 

C b ri w 


(7 IT 18 




(*H* 

. . . . 

(? IP 

<7 IP 

C 4 IP 

0* IP 

( tp 

(.7 IP 

C* H‘" 

C° IP 

<7 11“ 

(7 IP* 

C” JT M 

(7 H 1 - 

C° H“ 

(! n n 14 

pHOJJIU 



(T IT* 


0 5 II 4 

CJ 5 ]|4 -*»» 

(7 TI® 

(JO J pi — ini 

(7 IP 

C 7 H 8 

c*n’° 

0 B H ,0—2m 

<7 7T« 

(J® H* a * ,M 

O’"!! 14 

0 ,0 1I I4 ~ S,H 


( «»JphH* 


(Ml* 


^ <iij J I’m — i! ( 1« 1 1 £h — 4 C* l H an “® 


C'lP* 6 ” ‘™ 


A series of analogous combinations may equally be imagined between 
carbon and simple or compound monatomic radicles other than hydro- 
gen; and similar series in which, instead of carbon, the other tetra- 
tomie metalloids, that is to say, silicon, zirconium, tin, and titanium 
take part. 

In reality these series, with the exception of the carbon group, are 
very little known. Of the latter, most of the hydrogenized compounds 
contained in the preceding table can be prepared, and also tho corre- 
sponding chlorino and bromine compounds. 

As to silicon, \vc only know silicated hydrogen (Sill 4 ), and tho chlo 
ri<lo, bromide, and fluoride of silicon ; 

(SiCl 4 ),(SiBr 4 ) and (SiFl 4 ) 

ITp to the present time no hydrogenized compound lias been pre- 
pared either of tin, zirconium, or titanium. The chlorides (SnCl 2 ), 
(Sn( -l 4 ) ; bromides (SnBP), (SnBr 4 ) ; and tlie fluorides of tin (SnFl*), 
(SnFl 4 J, arc known, as well as a chloride of zirconium (ZrlT) ; the 
two saturated chlorides of titanium (Till 4 ) and (Till®), and the 
tluovido of the same body (TiFl 4 ).- 

All the metalloids of this family arc capable of uniting with the 
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biatomic motalloids. Each of them forms two oxides and two sul- 
phides, which answer to tho formulas (R ,V X") and (li ,v X" 2 ). But ihe 
protoxide of silicon is not known with certainty, and the protoxide) 
of zirconium and the protosulphides of carbon and titanium are not 
known at all. On the contrary, a sesqnioxide of titanium (Ti 2 0 8 ) has 
been prepared, corresponding to the chloride (Ti 2 Cl°). 

Tire sulphides of these bodies can all form sulpho-salts by combina- 
tion with alkaline sulphides. 

The binoxidcs are all acid anhydrides ; those of zirconium and 
thorium, nevertheless, eau act as basic anhydrides. As to the pro- 
toxides, they sometimes act as basic anhydrides, sometimes both 
as basic and acid anhydrides, and sometimes they do not act as 
either. 


FIFTH GROUP (PE XT ATOM 1C METALLOIDS). 


NITROGEN | 

Atomic weight •= 14. Mulurulur weight =*• 

Nitrogen constitutes about four-lifths of tho atmospheric; air; it is 
prepared : 

1st. By leaving phosphorus at the ordinary temperature in a bell- 
glass full of air until the gaseous volume no lunger diminishes, which 
indicates that all the oxygen is absorbed. 

2nd. By burning phosphorus under a bell-glass lull of air, and placed 
over a water bath ; the phosphoric anhydride; which forms by the con- 
sumption of the oxygen of the air is dissolved in water in the state of 
metapliosphoric acid, and nitrogen nearly pure remains in the glass. 

ord. By transmitting a current of air slowly through a tube heated 
to (lull redness and full of copper filings; the oxygen is fixed by the 
metal, and the gas which comes out of tho apparatus is pure nitrogen, 
and may be collected as soon as the air which fills the tube contain- 
ing the copper has been expelled. 

4th. By causing chlorine to act on an aqueous solution of amnion ia: 

»( XII 0 + + £} 

Ammonia. Chlorine Chloride of Nitrogen. 

ammonium. 

The general mode of conducting the operation is to cause a current 
of gaseous chlorine to pass into a Woulfs bottle with three tubulures, 
half full of ammonia, and then to collect the gas which comes out of 
the bottle. Care must be taken to maintain the ammonia always in 
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great excess, or the reaction of the chlorine on the chloride of ammo- 
nium would give rise to chloride of nitrogen, a very explosive body, 
which might occasion very serious accidents. 

5tli. By boiling a solution of nitrite of ammonium; wator and free 
nitrogen are produced : 



Nitrite of Water. Nitrogen, 

ammonium. 


Nitrogen is a permanent gas, colourless, inodorous, ami tasteless. 
Its density is 0-972; water only dissolves Stto ibs volume. It 
does not burn nor support combustion. Though not poisonous, ani- 
mals and plants die in it, through being deprived of oxygen. 

Nitrogen only combines directly with oxygen when this latter body 
has been previously transformed into ozone by the electric spark, or 
by some other means. Rut still the presence of a poweiful base seems 
necessary for the combination to take place. 

Nitrogen combines directly with boron and titanium at a red heat. 

It also combines at a red beat with carbon when this body has been 
previously mixed with carbonate of potassium or sodium. In this case 
a compound is formed whoso formulu is ((-NK), the cyanide ofjwtassmm. 

Ilydrogcii only combines indirectly with nitrogen. 

In cortain mines pure nitrogen is produced in consequence of I he 
oxidation by air of sulphide of iron and sulphide of copper existing 
there. 


COMBINATIONS OF NITROGEN WITH THE METALLIODS 
PREVIOUSLY STUDIED. 

Ammonia (NIP). —When azotized organic matters arc calcined or 
left to putrefy ; or, to speak more generally, cveiy time that nitrogen 
and hydrogen meet in a nascent, state in presence of an acid, salts arc 
produced wliieh answer to the formula (NIPR), R being any radicle 
whatever. These salts distilled in the presence of a base liberate 
ammonia in the gaseous state : 

2(NIH1) +©» - («’}) +2(JJ}0) + 

Chloride of Hydrate of Chloride Water. A mm onia, 

luuinoniuiu. lime. of calcium. 

The gas is transmitted through a tube full of fragments of caustic 
potash, which absorbs the water formed in the preceding reaction, and 
the gas is afterwards collected in a bell-glass placed over mercury. 

Ammonia is gaseous at the ordinary temperature and under the 
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ordinary pressure, but it liquefies at a low temporatare or under 
great, pressure ; it may also be obtained as a white translucent solid, 
fusible at — 75°. 

In the gaseous state ammonia is colourless and has a pungent odour ; 
its density is 0*591. Water dissolves about 500 times its volume. 

At a low red heat, or under the influence of a series of electric 
sparks, ammoniacal gas decomposes into its elements ; in this case it 
is observed that the gaseous volume augments one half. 

Ammoniacal gas extinguishes combustion. It docs not burn in air, 
but it burns in pure oxygen, giving rise to water and free nitrogen ; if 
a current of mixed ammoniacal gas and oxygon be directed on to 
spongy platinum, water and nitric acid are produced: 

( ; MP) + 2(«}) = f'» + (<!}0) 

Ammonia. Oxygen. Nitric acid. Water. 

Chlorine and bromine react with ammonia, giving hydrochloric or 
hydrobromic acid and free nitrogen. With iodine an explosive com- 
pound is obtained. 

At a high temperature sulphur acts on ammonia, producing hydro- 
sulphate of ammonium and free nitrogen : 

10 (mi 8 ) + »(»}) =. o(*!!» + *(£}) 

Ammonia. Sulphur. Hydrosulplmte Nitrogen. 

of ammonium. 

At a red heat carbon transforms ammonia into cyanide of am- 
monium : 

2 (NIP) + 0 = (NJPCN) 4- J| [ 

Ammonia. Carbon. Cyanide of Hydrogen. 

ammonium. 


Alkaline metals, heated in a current of ammoniacal gas, arc sub- 


stituted for an atom of the hydrogen 
compounds known as amides : 



Ammonia. Potassium. 


contained in this body, and give 



Amide of Hydrogen, 

potassium. 


At a greater heat these products divide into ordinary ammonia and 
trimotallic nitride : 


3 (sB 

Amide of 
|Kjtassium. 


(IB + 2 (iiB 

Nitride of Ammonia, 

potassium. 


At a still higher temperature these nitrides divide into metal and free 
nitrogen : 
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2(k*n) 

- ■(*}) 

, N1 
+ N f 

Nitride of 
)K>Uuwium. 

Potassium. 

Nitrogen. 


Ainmoniacal gas colours tho reddened tineturo of litmus blue, and 
combines directly with acids forming salts. This property is owing to 
the pcntatomicity of nitrogen, which tends to become saturated, forming 
compounds of the (NX*) type. Ammon iacal gas also combines with 
acid anhydrides. Rut the products arising thus have none of the 
characteristic properties of salts. (See Amides .) 

Ainmoniacal salts present very great analogies, both in their crys- 
talline forms and in their reactions, to alkaline salts. These analogies 
may bo explained by placing among these salts the group (NTT 4 ) (am- 
monium), which acts as a compound monatomic elect ro-positivo radicle. 
All the objections that have been made to this hypothesis arc removed 
by the theory of the atomicity of elements. 

If sal-ammoniac be decomposed by the galvanic current in presence 
of mercury, on plunging the negative electrode into this liquid, the 
mercury is observed to swell considerably. If the pasty mass that 
forms be distilled, it decomposes into mercury, ammonia, and hy- 
drogen. It is also observed that for one molecule of ammonia 
liberated, one atom of hydrogen becomes disengaged. The galvanic 
current therefore decomposes the chloride of ammonium (NII\01) into 
chlorine and ammonium (Nil 4 ), as it decomposes the chloride of sodium 
into chlorine arid sodium, and if the ammonium does not remain isolated 
when the mercury is evaporated it is only because it is instable in a 
free state. 

The preceding mercurial compound may also bo obtained by decom- 
posing the chloride of ammonium by the amalgam of potassium or 
sodium, the .alkaline metal then directly displaces tho ammonium. 
This mercurial compound ought to be considered as an amalgam of 
ammonium. 

The aqueous solution of ammonia is much used : it is obtained by 
transmitting a current of ammoniacal gas into Woulf s apparatus, and 
lias received the name of liquid ammonia. When it is heated, the gas 
it contains becomes wholly disengaged. 

In medicine, liquid ammonia is used to produce rapid blisters. A 
dose of a few drops is also taken internally as a remedy for intoxication. 
It has been recommended for croup. The acetate of ammonia 
(Mindererus’ spirit ) is very useful as a stimulant diaphoretic and 
an emmenagogue. 

Chloride, Bromide, and Iodide of Nitrogen. — W hen chlorine acts on 
: ainmoniacal salts in aqueous solution, a liquid is formed, the composi- 
tion of which answers to the formula (NCP). 

This liquid can react on bromide of potassium, producing a bromide 
of nitrogen ( N lb* 3 ). 

Free iodine also reacts oil ammonia, giving a nitrogenized product 
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which appeal's to have a constitution varying according to the mode of 
its preparation. According to M. Stalilschmidt, the compound obtained 
by the action of an alcoholic solution of iodine on aqueous ammonia, 
would have (Nl 8 ) for formula, and that obtained by treating an alco- 
holic solution of iodine by an alcoholic solution of ammonia would 
answer to the formula (N1 2 H). 

Tho chlorides, bromides, and iodides of nitrogen are very explosive 
bodies, dangerous to handlo. 


Compounds of Nitkogen with Oxygen. 


The compounds of nitrogen with oxygen arc : 

Protoxide of nitrogen (N*0). 

Rinoxide of nitrogen (NO). 

Nitrous anhydride (N 2 O s ), and the nitrites corresponding to it 
(NMO 2 ). 

llyponitride NO 2 . (Peroxide of nitrogen). 

Nitric anhydride N z 0 5 , and the nitrates corresponding to it 
(NMO 8 ). 

Protoxide of Nitrogen N 2 0 is obtained : — 

1st. By heating dry nitrate of ammonium in a glass retort : 



Nitrate of Wuter. 

ammonium. 


2nd. lly heating a nitrosulphatc : 

(SN*K*0 5 ) = (jJT} 0*J 

Nitrosulphntc Sulphate of 

of potassium. potassium. 


+ (vo) 

Protoxide of 
nitrogen. 

+ (N1>) 

Protoxide 
of nitrogen. 


3rd. By leaving for sonic time a mixture of sulphurous anhydride 
find binoxidc of nitrogen in water, and then absorbing tho excess of 
sulphurous anhydride by potash : 

(so*) + 2 (no) + (iro) = + (iVo) 

SulphuroiiB llinoxide Water. Sulphuric acid. l*rotoxide 

anhydride. of nitrogen. of nitrogen. 

4th. By leaving binoxido of nitrogen on moistened iron filings ; the 
iron absorbs htflf the oxygen of tho binoxidc of nitrogen, which is 


thus transformed into protoxide : 



4(NO) 

2(VO) 

+ 2 } 

llin oxide of 

Protoxide of 

Oxygen. 

nitrogen. 

nitrogen. 


The protoxide of nitrogen is a colourless and inodorous gas, with a 
slightly sweetish taste. Water dissolves four-fifths of its volume. Its 
density is 1 *527. It is liquefied at 0° under the pressure of 30 atmo- 
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spheres: in a liquid state it is very volatile, boils at —88° and gives 
voluminous crystals when evaporated in vacuo. On evaporation it 
causes so great a reduction in the temperature, that alcohol in contact 
with it becomes so viscous that it does not run out when the vessel 
containing it is inverted. 

The protoxide of nitrogen is unstable; it readily surrenders its 
oxygen to combustible bodies. Thus the combustion of organic matters, 
of sulphur, phosphorus, and hydrogen takes place in this gas even 
more actively than in air, owing to the greater proportion of oxygen 
contained in it. A piece of carbon burns on contact with liquid 
protoxide of nitrogen. 

When protoxide of nitrogen is breathed it produces a species of in- 
toxication. It. usually causes uncontrollable spasmodic laughter; lienee 
it is popularly named “laughing gas.” 

This gas may he analyzed by beating a known volume in a curved 
bel 1-glass with a globule of sodium. The metal takes the oxygen, and 
there remains a volume of nitrogen equal to the volume of the 
protoxide employed. 

If from the density of the protoxide of nitrogen . 1 • 527 

the density of nitrogen be subtracted .... 0-977 

there remains . . . 0*550 


which approaches the half of the density of oxygen : two volumes of 
protoxide of nitrogen therefore contain two volumes of nitrogen and 
one volume of oxygen united, with condensation of one-third. 

Binoxide of Nitrogen (NO) may he prepared : — 

1st. By causing nitric acid to act oil copper in a bottle with two 
tubulurcs similar to that used in preparing hydrogen : 


«(Tf<>) + « v - 

Nitric ucid. Copper. 



Nitrate of copper. Water. 


2(ko) 

Binoxide of 
uiLrogen. 


2nd. By causing a diluted acid to acton a nitrite. The nitrous aeid 
which forms is divided, on contact with water, into 4 iitric acid and 
binoxide of nitrogen. The water hikes no part in the reaction, though 
its presence is necessary : 


3(NII0‘) = -(NO) + (NIIO 8 ) + (11*0) 

Nitrous arid. Binoxide- Nitric acid. Water 

of nitrogen. 


:ird. By heating a mixture of protochloride of iron, hydrochloric acid, 
and nitrate of potassium : 
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°(5}) + 8 (ci}) + 2 ( N k}°) “ 

Protocliloride Hydrochloric Nitrate or 

of Iron. acid. potassium. 

'($}) + *(§}) + Hi!} 0 ) + 2 ( N0 ) 

IVrchluride Chloride of Water. Uinoxide 

of iron. potassium. of nitrogen 

Tho binoxido of nitrogen is a permanent colourless gas ; its density 
is 1 *0, f >9 : it dissolves in 20 times its volume of water. It docs not 
possess the property of producing an acid when brought into contact 
with water, nor of forming salts on contact with basos, it is therefore 
not an acid anhydride. 

This gas combines directly with tho oxygen of tho air, producing 
reddish vapours of liyponitrido : 

2(NO) + [J | = 2(NO*) 

ftinoxldtt Oxygon. liyponitrido. 

nf nitrogen. 

If the quantity of oxygen present he only equal to one volume for four 
volumes of binoxido of nitrogen, liyponitrido is no longer produced, but 
nitrous anhydride is formed : 

4(NO) + [-If = 2(N*0 3 ) 

lJilioxidc Oxygen. Nitrons 

of nitrogen. anhydride. 

The binoxido of nitrogen decomposes at red heat into liyponitrido 
and free nitrogen : 

4(NO) - + 2 (NO*) 

Uinoxide Nitrogen. Hyjwnitride. 

of nitrogen. 

It dissolves in a solution of protosulphate of iron. This solution, 
which is of a clear green colour, becomes a reddish brown, which 
deepens more and more as the absorption progresses ; if potash be after- 
wards added and it bo heated, ammonia is formed, and the protoxide of 
iron passes to the state of sesquioxidc. 

Tho solutions of manganate and permanganate of potassium also 
absorb the binoxido of nitrogen. 

Though possessing more oxygen than tho protoxide, the binoxido of 
nitrogen, owing to its greater stability, is less combustible than tho 
first of those gases. Nevertheless, bodies having great affinity for 
oxygen, such as phosphorus or carbon, burn brightly when they are 
lighted and placed in it. 

Binoxido of nitrogen is analyzed by the same process as the pro- 
toxide, and we thus find that two volumes of this gas contain equal 
volumes of nitrogen and oxygen united without condensation. 
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Nitrous Anhydride (N*0 3 ) and Nitrites (N MO*). —Nitrous anhy- 
dride is prepared : 

1st. By passing into a cold receiver a mixture of four volumes of 
binoxidc of nitrogen and one volume of oxygon. 

2nd. By decomposing hyponitrido by water at a low temperature : 

4 (NO*) + (]J } 0) = 2 (nTIO* ) + (n*0») 

HyjKinltridii. Water. Nitric acid. Nitrous 

anhydride. 

Nitrous anhydride constitutes a blue liquid, which is very volatile and 
very unstable, boiling at about (T. 

In presence of water and at an ordinary temperature, it decomposes 
into binoxidc of nitrogen and nitric acid, according to the equation : 

#(jw) + ([Ho) = 4 (no) + 2 (nJJO 8 ) 

Nitrous Water. Binoxidc Nitric arid, 

anhydride. of nitrogen. 

Nitrites are obtained by heating nitrates. The nitrites of potassium 
and sodium especially are easily obtained by this means. They are 
well-defined salts. 

The nitrite, of ammonium is decomposed by a very slight heat into 
water and free nitrogen. The analysis of nitrous anhydride has not 
been made directly, its composition is deduced from that of the 
nitrites. 

Hyponitride (NO 2 ). — This is obtained : 

1st. By passing a mixture of two volumes of binoxidc of nitrogen and 
one volume of oxygen into a very cold receiver. 

2nd. By decomposing perfectly dry nitrate of lead by heat, and 
receiving the products of the decomposition in a cold receiver: 

2 ( lv 'P : o') - 2 ( rw ) + <( K0 ‘) + of 

Nitrate of lead. Oxide of lead. Hyponitride. Oxygon. 

Hyponitride is solid below 9°: above that it assumes a liquid stale 
up to 22°, at which temperature it boils. From 0 to 22°, its colour, 
which was light yellow, becomes darker; its vapour is a deep reddish 
brown. The density of this vapour is 1*72. 

Hyponitrido reddens litmus paper, but this effect does not belong to 
it ; it is the result of its decomposition by the bases contained in the 
tincture of litmus. 

Bases and basic anhydrides transform hyponitride info a mixture of 
nitrato and nitrile. 

2 (KC) + S(ii}0) - (*°}o) + (™» + (”[ 0 ) 

Hyponitride. Hydrate of Nitrite of Nitrate of Water, 

potasafuni. potassium. potassium. 

Water also decomposes it into nitric acid and nitrous anhydride : 
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but on account of tlio instability of this lattor b<w!y, nitric acid and 
binoxidc of nitrogen are prodncod at the ordinary temperature. The 
following is the definite equation : 

3 (NO*) + (11*0) = 2(NTT0“) + (NO) 

llyponitride. Water. Nitric acid. Dinoxfdo 

of nitrogen. 

Pint, we must observe that tlie production of the binoxido of nitrogen 
being consecutive to that of nitrous anhydride, all tlio terms of the 
preceding equation must bo doubled. 

llyponitride may bo analyzed by weighing a certain quantity of it, 
then vaporizing it, and passing this vapour over rcd-liot. copper filings. 
Tho oxygen is fixed by tlio metal, and the nitrogen set free is collected 
in a graduated tuhe, where it is measured, and the oxygen calculated 
from the difference. 

/NO 2 ) \ 

Nitric Anhydride ( ^ q* j- 0 j . — Nitric anhydride, which was long 

unknown, has been obtained by M. Peville, who prepared it by trans- 
mitting a current of perfectly dry chlorine over equally well-dried 
nitrate of silver at. a temperature of 05°. It is a solid body, crys- 
tallized in prisms of the third system, fusible at :»0° and volatile at 17 . 
It is very unstable. In presence of water it enters into double de- 
composition, and becomes transformed into nitric acid : 

(SS}«>) + (!! } °) - 

Nitric anhydride. Water. Nitric acid. 


It is analyzed by reducing a known weight to vapour, and passing 
this over red-hot, copper filings, which retain the oxygen : the nitrogen 
is collected and the proportion ascertained by measuring tlio volume. 

( "NO* I \ 

II ( /' — ^ lcn a mixture of oxygen and nitrogen 

is submitted to the action of a succession of electric sparks in presence 
of a solution of hydrate of potassium, the oxygen becomes ozonized, and 
reacts on tlic nitrogen and the potash, forming nitrate of potassium. 

Those nitrates form whenever organic matters are decomposed in air 
at a toniperaturo of 20 :J or .'10°, in presence of water and alkaline carbo- 
nates. in Peru there exist considerable layers of nitrate of sodium. 

, Nitric acid is obtained by distilling these salts with a quantity of 
sulphuric acid sufficient to transform their metal into acid sulphate : 

(”■1°) + (*H - (¥H + (v)°) 


Nitrate of 
sodium. 


Sulphuric acid. 


Acid sulphate 
of sodium. 


Nitric acid. 


If half the sulphuric acid only were employed, the reaction would still 
take place, but greater heat would bo requisite, and part of the nitric 
acid would bo decomposed. 
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The acid is purified by distilling it over nitrate of lead, which retains 
the sulphuric acid evolved in the first process; the first portion of the 
product, which contains hyponitride, being rejected. 

Normal nitric acid thus obtained is a colourless pungent liquid; 
it is very corrosive, and colours the skin yellow, destroying it; its 
density is 1*552 at 20°. It boils at 80° and freezes at —49°. 

In the light, a portion of the acid decomposes into hyponitride — 
which colours it yellow— oxygen and water. This water combines 
with the u n decomposed acid, and increases its stability. 

A similar decomposition is observed when nitric acid is distilled. 
It commences to boil at 8fP, but as it boils it partly decomposes, and 
the water formed combines with the undecomposed portion, whose 
boiling point it elevates. Thus the temperature gradually rises up to 
1 2 -.» \ where it remains; the liquid which then passes over answers to 
the formula ((NI10 3 /+ fiaq.). This is a definite hydrate, much 
more stable than tlio normal acid, and. constitutes the ordinary nitric 
acid of commerce. 

With the exception of oxygon, chlorine, bromine, and nitrogen, all 
the metalloids decompose nitric acid, taking a part of its oxygen. 
An acid then forms which is derived from the metalloid employed, 
or, in some rare cases, a basic, oxide which produces a salt on con- 
tact with an excess of nitric acid, ms takes place with bismuth and 
zirconium. 

Nitric acid acts on all metals except gold, platinum, iridium, rho- 
dium, and ruthenium. The metals take a part of its oxygen and are 
transformed into basic oxides, which in presence of the un decomposed 
acid give metallic, nitrates. 

In these reactions binoxide of nitrogen is disengaged, but in reality 
it is nitrous acid that first, arises, and then on contact with water 
decomposes into nitric acid and binoxide of nitrogen. 

It is a remarkable fact that the noimal acid acts less easily on metals 
than the hydrate ((NMO 8 )^ llaq.). This seems to bo owing to the 
fact that the nitrous acid produced in tho reaction docs not meet with 
sufficient, water for its decomposition when tho normal acid is used. 

In all these reactions there is always the decomposition of a certain 
quantity of water with production of hydrogen. This latter, in a 
nascent state, transforms a portion of tho nitric acid into nitrate of 
ammonium. 

2 (W + Hi! i) = Hit} 0 ) + (kii«}°) 

Nitric arid. Hydrogen. Water. Nitrate of 

ammonium. 

Normal nitric acid acts very strongly on certain organic substances; 
water is produced, and a compound which by its composition repre- 
sents the primitive substance in which the monatomic radicle (NO*) is 
substituted for a part of the hydrogen ; 
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(CHI') + ( K g'} o) = (c«IH(NO>)) + (J!}o) 

IJenzinp. Nitric add. Nitrobrnzinp. WnttT. 

This phenomenon is called nitrous substitution. 

When nitric acid is mixed with hydrochloric acid, and the mixture 
is heated, a reaction takes place, water is foimed, and at. the same time 
hinoxidc of nitrogen and chlorine are liberated : 

2( x n(°) + «("«>) - + 2 ( NO ) + “(."}) 

Nitric acid. Hydrochloric Water. Dinoxide of Chlorine, 

ucid. nitrogen. 

If the liquid contain only tho preceding mixture, the hinoxido of 
nitrogen and the chlorine combine, and the compounds discovered l>y 
(iay-Lussao, and improper] y known as eliloroni turns acid . (NOt 1 !) 

and hypoehloroni trie acid . (NOfT), 

arc obtained. 

.If, on the contrary, the mixture of tho two acids contain another 
body, a metal or a metalloid, this body takes possession of the nascent, 
chlorine and is dissolved in the state of chloride, or it becomes oxidized 
at the cost of the water, whose hydrogen combines with the chlorine. 
Analogous phenomena are observed when hydrobromic or hydriodie 
acid is substituted for the hydrochloric acid. 

The mixture of hydrochloric and nitric acids, possessing the property 
of dissolving gold, has received the name of “ aqua regia.” 

The composition of nitric acid is deduced from that, of nitrate of lead. 
Jf a known weight of this salt he strongly calcined, there remains pure 
oxide of lead, which is weighed, and from its weight that, of the lead 
which the nitrate contained is deduced. On the other hand, another 
known weight of nitrate of lead is decomposed by heat in a tube which 
contains copper turnings, the nitrogen is set free, and its volume mea- 
sured. 

if from tho weight of tho nitrate of lead that of the nitrogen and 
lead he deducted, there remains that of tho oxygen. 

Finally, a certain quantity of nitric acid is weighed and is entirely 
transformed into nitrate of lead by heating it with litharge: from 1 lie 
weight of the nitrate produced we deduce that of the nitrogen as well 
as that of tho oxygen which the salt contains, and which in consequence 
the first nitric acid would contain, and then on subtracting their weight 
from that of this acid we learn the proportion of the hydrogen by ihe 
difference. 


PHOSPHORUS pj 

Atomic weight — 31. Molecular weight 121. 

Phosphorus is procured from bone ash, in which it exists in the state 
of neutral phosphate of calcium ^ | O 6 ^, along witli carbonate of 

calcium. 


M 



PRINCIPLES OF CHEMISTRY. 


1152 


To extract the phosphorus, the bone ash is digested with sulphuric 
acid for twenty-four hours, when insoluble sulphate of calcium, and 
biacid phosphate of calcium soluble in water arc formed, as well as 
carbonic anhydride, which is disengaged. 


1st. | 

[!?!-) + ( 

ITW 

o 

Si ^ 

O ja 

II 

> + (S}°) + 

(oo 2 ) 


Carbonate of 
culciiim. 

Sulphuric 

add. 

Sulphate of 
calcium. 

Water. 

Carbonic 

anhydride. 

2nd. 

/(TO'Vl 
\ (V'-’f 

«-) + =(T1°-) 

- (V'f u 

) 


Neutral phosphate 
of raid urn. 

Sulphuric achl. 

Sulphate of 
calcium. 




* ( 

r (PO"’) 1 ) \ 

(V' \ 0 B | 

< u 4 1 / 






jiiucid phosphate 
of calcium. 




After twenty-four hours the mixture is treated with water and 
filtered. The filtered liquor is first evaporated to the consistence of 
a syrup, and then mixed with powdered charcoal and evaporated to 
dryness. Finally, this mass is pulverized and placed in an earthen- 
ware retort, wh ieh is heated to redness. Pyrophosphate of calcium, which 
remains in the retort, and phosphoric acid are produced. This latter, 
on contact with red-hot carbon, gives oxide of carbon, hydrogen, and 
phosphorus in vapour which are brought into a cold receiver. The 
final reaction may be explained by the following equation : 


|-(i*» ►"')*( | 

IV' (J* 

L II* J J 

+ ioc - 

=[ (i rH 

I'iae.id phosphate 

('arlM)ii. 

l*jTophosphato of 

ol calcium. 


ralciiini. 


+ »(!!}". 

) + i M 


Water. 

riiospliorus. 


+ 10(CO) 


Oxide nf 
carbon. 


Tho equation is written in this manner although all the members 
may be divided by two, because the molecule of phosphorus containing 
four atoms, the smallest quantity of this body that can become free, 
corresponds to V*. 

To purify the phosphorus, it is tied up in wash-leather and squeezed 
in water warmed to 50° or <iu : . The phosphorus melts and passes 
through the. pores of the wash-leather, which retains the impurities. 

Finally, a workman draws into a tube by suction the phosphorus 
melted under water, and places the tube in cold water, where the phos- 
phorus is solidified in a stick and removed from the tube. 

I If the phosphorus be required perfectly pure, it ought to be distilled 
in an atmosphere of hydrogen gas. 

Ten years ago it was proposed to extract phosphorus from bone ash 
by heating a mixture of this ash and carbon in a current of hydrochloric 
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acid gas. This process, which would possess the advantage of giving 
the whole of the phosphorus contained in the bones, has however not 
yet been applied. Phosphorus is solid at tho ordinary temperature ; 
it melts at 44 and boils at 200 . Its vapour density is 4\‘J2 ; from 
which the weight of its molecule is deduced to be 124, which indi- 
cates that this molecule contains four atoms, the atomic weight of 
phosphorus being :?1. The density of solid phosphorus is 1*83. 

Phosphorus is sufficiently soft to be marked by the nail: water does 
not dissolve it ; alcohol and ether dissolve a small quantity, and sul- 
phide of carbon dissolves it freely: its solution in tho latter solvent 
submitted to spontaneous evaporation deposits the phosphorus in 
rhombic dodecahcdra. 

Phosphorus is yellow and transparent; left under water, it becomes 
covered with a white layer formed of a number of microscopic crystals. 

It has so great an affinity for oxygen that, it combines with this, 
metalloid at the ordinary temperature. If there bo much phos- 
phorus, tho heat. disengaged may suffice to cause ignition. Neverthe- 
less, in perfectly dry oxygen, the combination does not take place 
unless the gas has only a very slight pressure. On account of its 
inflammability, phosphorus ought, to be kept under water and bandied 
with very great caution. It is luminous in the dark. It is not yet 
quite certain that this production of light is the effect, of slow com- 
bustion. 

Phosphorus does not combine directly cither with nitrogen or 
hydrogen ; it combines readily with chlorine, bromine, iodine, and 
sulphur; its combination with chlorine and bromine is attended with ! 
combustion ; when combined with sulphur, unless tho operation he i 
conducted under water, it may give rise to dangerous explosions. 

Phosphorus is a powerful poison ; a small dose excites the organs of 
generation violen tly. 

Allotropie Modification of Phosphorus.— Exposed to tho direct 
light of the sun, or, what is better, heated for several hours in an inert 
gas, such as carbonic acid, to a temperature of 2 .‘Jo — 2o0 degrees, phos- 
phorus undergoes an important modification. It; becomes red, opaque, 
insoluble in sulphide of carbon and solvents in general, and its density 
becomes 2. It may bo kept in air without being oxidized, and only 
ignites at 2,50°. At 2:J0° it combines with sulphur without explosion : 
its affinity for chlorine, iodine, and bromine, is less than when it is in 
the ordinary state. 

Until lately red phosphorus was considered as incapable of being 
crystallized ; hut quite recently it has been found that when heated in 
a tube hermetically sealed it is sublimed before melting, and gives 
greyish crystals, isomorphous with those of arsenic. Red phosphorus 
would, therefore, correspond to the normal state of arsenic. 

Amorphous phosphorus is not poisonous, perhaps because it does not. i 
oxidize. Ordinary phosphorus, indeed, seems not to be poisonous of j 
itself, but to act by the products of oxidation to which it gives rise. 

# M 2 
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Combinations of Phosphorus with Monatomic Metalloids. 


There arc three phosphuretted hydrogens : one gaseous (PH 3 ) : 
another liquid, to which the formula (PIP) is usually given, but which, 
1 think, ought to be represented by the double formula (P 2 IT 4 ) : the 
third solid, ordinarily written (P 2 1I), but which, in my opinion, 
ought, also to have its formula doubled. 

Gaseous Phosphuretted Hydrogen (1*II 3 ). — This is obtained : — 

1st. J5 t y causing hydrochloric acid to act on phosphide of calcium or 
any other metallic phosphide : 



Tliosj >1 1 ill* ilyil rochloric 

of calcium. acid. 



Chloride* of 
calcium. 



Phosplmrrltcd 

hydrogen. 


2nd. P>y heating phosphorus with water and a base, such as potash 
or lime : tlio operation is performed by means of an apparatus repre- 
sented by fig. 27 : 


Phosphorus. Potash. 


n(iT 4 oJ 

= 3(PIPK0*) 

+ (£}) 

Water. 

\ / 
Ilyjmpliospliite of 

Phosphuretted 


potassium. 

hydrogen. 

f ^ 

R! 1 

V c~2> 




Mg. 27. 


•ird. By treating with water the impure phosphides of calcium 
or barium which are prepared by passing phosphorus in vapour over 
lime or baryta heated to redness. Phosphuretted hydrogen, a hypo- 
phosphite, and free hydrogen, arc produced. Probably the equation 
of this reaction is the following : — 

2 (pW») + 14(5 jo) 

Phosphide of Water, 

calcium. 

= ((PTPO*)*Ca"j + 2 (pH*) + s(gQ<p) + 4 (g}) 

Hypophosphite Phosphuretted Hydrate of Hydrogen, 

of calcium. hydrogen. of calcium. 
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4th. Dy distilling phosphorous acid in a glass retort : perfectly pure 
phosphnretted hydrogen is disengaged, and a residue of phosphoric 
acid is left : 

4 (]’iP0 3 j - (Jpf) + a ( rat)*) 

DKisphoroiis I’liiwplmreUed I’liosplioric 

acid. hydrog«-n. acid. 

Gaseous phosphuretted hydrogen is nearly insoluble in water, but it 
readily dissolves in alcohol and ether; its density is 1*180. It. is 
highly inflammable: and on burning deposits red phosphorus, unless 
it be mixed with oxygen, in which case it explodes on contact with a 
lighted body, and burns without leaving any residue. 

Chlorine decomposes it into hydrochloric acid and chloride of phos- 
phorus. 

Pinoxide of nitrogen communicates directly to it the properly of 
igniting in air, on account of the elevation of temperature which takes 
place when the hinnxidc combi lies with the oxygen of the air. 

I’lioKphurctted hydrogen, prepared by phosphide of calcium — or 
bv a base, water, and phosphorus — also possesses the property of 
igniting spontaneously ; but. this is owing to the circumstance of 
its containing a small quantity of vapour of liquid phosphuretted 
hydrogen. It combines directly with hydrobromic or hydriodic acids, 
forming the crystallized compounds (IMIMlr) and (1*11*1), which 
correspond to the bromide and iodide of ammonium. Water and bases 
decompose these salts, reforming phosphuretted hydrogen. 

The chlorides of tin, titanium, antimony, etc., form with phosphu- 
retted hydrogen crystal lizuhlc compounds which water decomposes. 

To analyze this gas, a known volume is passed into two red-hot 
tubes from which the air lias been removed; the first of those con- 
tains copper filings, and the second the oxide of the same metal ; 
the phosphorus is fixed by the copper in the first tube, the iucieaso 
in tho weight of which marks the weight of this metalloid ; while 
the hydrogen is transformed into water in the second tube. This 
liquid is received into a U-shaped tube full of pumice stone satu- 
rated with sulphuric acid, and previously weighed ; the increase in 
the weight, indicates that of flic water, and thence that of the hy- 
drogen is deduced. 

Thus we find that phosphuretted hydrogen contains in a hundred 


parts : 

Phosphorus 91*18 

Hydrogen H*h*2 


100*00 


j Liquid Phosphide of Hydrogen (Pll 1 ). — When phosplmrcUed 
’ hydrogen obtained by the action of bases and water on phosphorus, or 
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by tho action of water on the phosphide of calcium, is placed in a 
very cold receiver, liquid phosphide of hydrogen is condensed. 

This body is spontaneously inflammable, and a trace of its vapour is 
sufficient to communicate this property to combustible gases, such as 
hydrogen, oxide of carbon, and gaseous phosphuretted hydrogen. 

The presence of an acid causes it to decompose into gaseous ami 
solid phosphides of hydrogen : 

r>(vni 4 ) g(pjp) + (PIP) 

Liquid Gaseous Solid 

I il ids) ill id* ■ j>ln»"i»ljurc , tU!d jiliosphidt 

f liydrogon. liydrogon. ofljydrog' 1 

We have doubled the ordinary formula employed for liquid phos- 
phide of hydrogen, because with the old formula it would represent 
a radicle of uneven atomicity, and with about two exceptions radicles 
of uneven atomicity cannot exist without becoming doubled, and besides 
it is possible that the true formula is a multiple of (1 >2 JI 4 ). 

The determination of the vapour density of the compound can alone 
decide the question. 

Solid Phosphide of Hydrogen (PIT"). — This is obtained in con- 
siderable quantities by receiving in hydrochloric acid the gaseous 
phosphuretted hydrogen containing the liquid phosphide, collecting 
on a filter the powder which is deposited, and drying it. at 100° after 
well washing it in water. 

Solid phosphide of hydrogen is yellow and insoluble in water; it is 
not phosphorescent; at .160° it takes tiro, and at 18(F it decomposes into 
phosphorus and hydrogen. 

We have doubled its formula for a reason analogous lo that, which 
caused us to doublo that of* tho liquid phosphide. 

Chlorides, Bromides, and Iodides of Phosphorus. — When a current 
of dry chlorine is transmitted over an excess of phosphorus placed in a 
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tubulated retort, and gently heated (fig. 2R), the phosphorus burns in 
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tlie chlorine, and a liquid is distilled, which is colourless, volatile 
at 78°, and which has for formula (PC1 S ); it is the protocliloride of 
phosphorus. 

This liquid when dry, and exposed to the action of a current of 
chlorine, becomes transformed into a solid mass, answering to the 
formula (POP), which boils at 148°. This is the perchloridc of phos- 
phorus. 

On contact with water the protochi undo of phosphorus gives rise to 
hydrochloric and phosphorous acids : 


(1V1-) + ••>({} }o) 

1 'rotodilorMc Water, 

of phosphorus. 



Hydrochloric 

acid. 



Phosphorous 

iU’id. 


When the water is in excess the perchloridc becomes transformed 
into phosphoric and hydrochloric acids : 


(M-) + 4(|]f0) 

TVrddoritlo Water, 

of phosphorus 



13ut if the quantity of water he insufficient to effect the complete 
decomposition, it simply exchanges two atoms of chlorine for one 
atom of oxygen, and gives oxychloride of phosphorus (l ’CFO). 


(in*) + (i!|<>) . a({;() + (rai») 

iVrchloride Wutfr. Hydrochloric Oxychloride 

of phosphorus. arid. of phosphorus. 


This oxychloride may also be obtained by the direct action of 
oxygen on tho perchloridc at a high temperature ; chlorine is dis- 
en gaged. 

On causing sulphuretted hydrogen instead of water to act. on 
perchloridc of phosphorus, a chlorosulphido of phosphorus (T(T\S) 
is obtained, which is simply the preceding body with tlio oxygen 
replaced by sulphur. 

By dissolving one atomic proportion of phosphorus in sulphide of 
carbon, adding to the solution three atomic proportions of bromine, 
and evaporating the sulphide of carbon, there remains liquid proto- 
broinidc of phosphorus answering to the formula (1Tb- 3 ), and precisely 
analogous to the protochloride in its properties. 

If bromine be added tojtfiis product, a solid perbromidc (I TV) is 
obtained, which can form compounds similar to those formed by the 
perchloride. 

Iodine also forms two compounds with phosphorus, but they differ 
from the preceding: the protiodide has for formula (PI*), or what is 
better (PI*), and the periodide (PI 3 ). 

On contact with water the periodide becomes transformed into 
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hydriodic and phosphorus acids, by a reaction similar to that wo 
described in the case of the protochloride. 

As on contact with water the protiodidc disengages hydriodic 
acid without, depositing phosphorus, it is probable that in this reaction 
there is also formed a mixture of phosphorous and hypophosphorous 
acids : 


O' 1 ') + s ({[ }<>) - (£]<>■) + O' 1 ™ 1 ) + 

T’rnt..,i<*lifli! Water. Phosphorous Hypophosphorous 

of phosphorus. acid. acid. 



Hydriodic 

acid. 


The chlorides, bromides, and iodides of phosphorus are frequently 
used in organic chemistry. They are useful in procuring the replace- 
ment of oxygon by chlorine, bromine, or iodine. 


OXYGKXJZKI) COMIVUXJtS OF PllOSWJOKUK. 

There are three oxy-acids of phosphorus : hypo]>hosphorous acid 
(FIFO 2 ), phosphorous acid (FIFO 3 ), and phosphoric acid (FIFO 4 ). The 
phosphorous and phosphoric anhydrides are also known. 

Hypophosphorous Acid = (FIFO*). — We liavo seen 

that when phosphorus is heated with potash, lime, or baryta in pre- 
sence of water, phosphine! ted hydrogen is disengaged, while a hypo- 
phosphite of the base used remains in solution. 

On decomposing hypophosphitc of barium by dilute sulphuric 
acid, separating the sulphate of barium by filtration, and evaporating 
the filtered liquid to the consistence of a syrup, hypophosphorous acid 
is obtained, which answers to the formula (FIFO 2 ); but of the three 
atoms of hydrogen it contains only one can be replaced by a metal. 
To explain this fact, M. Lieben has proposed to give to hypophospho- 
rous acid the rational formula ^ ^ JJ | O^, or ^FO'" jJJj| j 

This acid lias a great affinity for oxygen ; it reduces sulphuric acid, 
and many metallic oxides; heated in the absence of air, it leaves a 
residue of phosphoric acid, and disengages gaseous phosphuretted 
hydrogen mixed with a little liquid ])hosphide: 

2(FTF0 8 ) = (FIFO 4 ) + (FIT 3 ) 

lIy]K>plio<p1iorouR Phosphoric I’hospliurrltcd 

aciil. hydrogen. 

The liquid phosphide must arise from a secondary reaction. 

Phosphorous Acid.- Fhosphorous acid is obtained by dissolving pro- 
tocliloride of phosphorus in water and evaporating at a gentle heat to 
get rid of the hydrochloric acid and the excess of water. The tempe- 
rature must not be too high, because the phosphorous acid would de- 
compose into phosphuretted hydrogen and phosphoric acid. (See 
phosphuretted hydrogen.) 
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Phosphorous acid has such a reducing power that it decomposes 
sulphurous anhydride into sulphur and oxygen. 

In presence of bases, phosphorous acid only exchanges two atoms of 
hydrogen for metals. M. Lieben proposed on account of this to give it 

the formula ^ ^ jpJ() 2 ), or what is the same thing ^PO'"joH^ 

M. Railton has succeeded in replacing the three atoms of hydrogen 
of phosphorous acid by ethyl. The triethylic phosphite ought to bo 
/ IC-1P \ 

written ( PO"'< < )C 2 TT 5 ) 

\ IOC 2 !!'/ 

Phosphorous anhydride is known. This body is formed when 
phosphorus is oxidized at a low temperature in a volume of oxygen 
insufficient to transform this metalloid into phosphoric anhydride. It 
is also produced when the tcrchloride of phosphorus is made to act on 
phosphorous acid. 


Hsli) + Hi?) - + 


fiiosplionuis acid. 


Hydrochloric 
acid. 


JMinspliorous 

anhydride. 


Tcrchloride of 
phosphorus. 

Phosphoric Anhydride (l >2 () ft ). — "When phosphorus is burned in a 
current of dry air a white powder possessing a great, affinity for water 
is produced, the formula of which is 1*0’. This is phosphoric an- 
hydride. 


14 Hiii}- 


When phosphoric anhydride is dis- 


Phosphoric Acid 


solved in water and the solution is boiled a double decomposition 
takes place, and if the excess of water be driven off by evaporation 
there remains a syrup-like liquid answering to I lie formula 
1011) 


l f 01l \ 

IPO"' Oil ), which is phosphoric acid. 

\ Ion / 


This acid is triatomic and tribasic : on reacting with bases it can 
form t wo series of acid salts and one series of neutral salts. 


When acid phojjiliatcs of the form 


/ f on \ 

P(Hoif 1, sue! 

\ ml 


h as the sodic 


phosphate of commerce, arc strongly calcined, a molecule of water is 
eliminated and a salt, of a condensed acid is produced, the triphosphoric 
or pyrophosphoric acid : 


H9 - (s}°) 


T0”'J 


VO'" 


ONay\ 
OXtt 

1° 

■(ONa 
■ON a J 


Acid phosphate of 
sodium. 


Water. 


Pyrophosphate 
of Hodium. 
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from this Halt pyrophosphoric acid may be procured 


oir 
onj 

ro m -!oii 


PO"'j 


Fo 


on ; / 


this purpose it is sufficient to precipitate it by acetate of lead, and to 
decompose by sulphuretted hydrogen the precipitate of pyrophosphate 
of lead, after having previously well washed it. 

Several chemists opposed to the atomic theory objected to write 
pyrophosphoric acid (1 W 1I 4 0 7 ). They wished to write it P1P0 7 , making 
0=8. M. Mentsehonkine has demonstrated that the formula (1 >8 11 4 0 7 ) 
alone is correct. This chemist, by causing the chloride of acetyl to act 
on phosphorous acid, has obtained the monacetic derivative 

fll 

rj>o" 


k PO f,l i 


01! 

O 
11 

0C*H 3 0/ 


which would be 


ing equation : 


of the unknown pyrophosphorous acid, the formula of 


it forms in accordance with the follow- 


( \ 

[ii \ 

/ ro"'i 

on\ 


0 

l PO"', 

lOH 

\ 

11 / 



ClilorMo of 

iuvtyl. 

(!!}°) + (Si) 


An ■ l< >-pyropbosplicm>us 
acid. 


Water. 


Hydrochloric 
acid. 


r !his aeoto-pyrophosphorous acid submitted to oxidation fixes a 
molecule of oxygen, and is transformed into aceto-pyrophosplioric 
/ ,OH \ 

/rollon 

; that is to say, into pyrophosjjjioric acid in which 


acid 


I)” 

ro M 


° 

on , 

l 0(HP0j 


one atom of hydrogen is replaced by acetyl (C 8 I1 :, 0). This acid foms 
well-defined salts. The hydrogen of pyrophosphoric acid is replace- 
able by fourths, which indicates that this acid contains at least four 
atoms. Its formula expressed with the old proportional numbers 
would therefore not be (PITO 7 ), but (P*II*0 M ), which by atomic nota- 
tion becomos (1 )! H £ 0 7 ). 

Phosphoric anhydride dissolved in cold water produces, not phos- 
phoric acid, but. a first anhydride of this body acting as an acid and 
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answering to the formula or ^ This com- 

pound is known under the name of motaphosphoric acid and only gives 
monometallic salts. It is phosphoric acid deprived of a molecule of 
water. Polymers of motaphosphoric aeid also exist which are called 
bimetaphosphoric, trimetapliosphonc, totrametapliosplioric, pciitameta- 
])ho, splioric, and liexametapliosplioric acids. These bodies appear to he 
the first anhydrides of condensed acids high or than pyrophosplmric acid, 
and as yet unknown. The following table shows those proportions : — 

po'"!olr 1 - ri'o i • 0 '"*/’" l 


person v 
loir j 

Phospla-de add. 

on ^ 

Per On 

O" ► 

PO'"\ * 

)0T1 j 

pyr< (phosphoric, 
acid 

!>()"' (Oil 1 

n - Jon 

O" 

j’u "' on ► 

O" 

, V ,)O jr 

lu ( OIIJ 

Triphosphoric acid, 
(unknown). 

PO'" Oil 
()" 

itHoii 

O" > 
PO'"] Oil 
O" 

kv" on 
* on _ 

Ti-tru phosphoric acid 
( unknown.) 


po'"{ott 

O" 

po'" on 

O” 

PO'"{OII ► 

o” 

PO'"{On 

O" 

PO"'{OH 

1 on J 

PcnUpkoaphoric acid 
(unknown). 


PO"\*°" 1 
JU )oii f 

Mciuphosphoiic 

acid. 


lo- | 
po'"M!!!! 


I >iim‘l.-ipln>i>piioric 
acid. 


po”’ ' 

i*( JJ, 1 . 1 j 

on' 


Trim*- hi phosphoric 
acid. 





, JVti'iinu-tupho.*phoric 

acid. 


1*0'" { JJ, 1 , 1 

itrl}" 1 • 

•) on 


T'l-iiluiiu'UipljospKKiiii 

acid. 
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I OH 

rtHou 

O" 

vo’" on 

O" 

RO'" OH 

[<r k 

rHoii 

O" 

RO'"]olI 

O" 

V( Hon 

’nil, 

J J uxu) »li nj.pl h iri»- add 
(unknown.) 


IPO 


WtttiT. 



Phosphoric, pyrophosphorio, and mctaphosphorio acids may be 
easily distinguished by the help of albumen and nil rate of silver. 
Albumen is not coagulated either by phosphoric or pyro phosphoric 
acids, while metaphosphoric acid coagulates it. Nitrate of silver preci- 
pitates phosphoric acid yellow, and the liicta- and pyrophosphorio 
acids white. 

Their characteristics arc shown in the following table : — 


Metaphnspl lorie arid . . 

Cuagulutcs albumen . . 

Dives «. white precipitate 
with nitrate of silver. 

Pyrnphospborie arid . . 

Does not. coagulate albu- 
men. 

Dives a while .precipitate 
with nitrate of silver. 

Phosphoric acid .... 

Docs not coagulate albu- 
men. 

Dives a yellow precipi- 
tate with nitrate of 
silver. 


Theory of the Acids of Phosphorus. — The three simple acids of 
phosphorus all contain throe atoms of hydrogen. Rut of these only 
one is replaceable by a metal in 1 1 y po j >li o sphere u s acid, two in phospho- 
rous acid, while all three can be so replaced in phosphoric acid. 

To explain this fact we have merely to admit that in all these acids 
two of the five units of affinity of phosphorus are saturated by oxygen 
and that the three others are saturated : 

1 st. In hypo phosphorous acid, two by hydrogen and one by hydroxyl. 

2nd. in phosphorous acid, two by hydroxyl and one only by hydro- 
gen. 

lird. In phosphoric acid, all three by hydroxyl. The hydrogen 
united to the phosphorus by means of the oxygen would alone bo re- 
placeable bj r metals. The following figures show this constitution 
of the acids of phosphorus : — 



P H 


(PH 8 0*) (hypophosphorous acid). 








ARSENIC. 


17 


O II 0 ^") 

Cl.-.l ' 1 (D r L -D = (PH 3 O a ) (phosphorous acid). 

P ] [ 

k.) o 

v- ■. ’XL - 1 5 = (PTPO 4 ) (phosphoric acid). 

' ~ L 1'“' ~| JT 

Tliis theory of the acids of phosphorus was first propounded by 
M. Lichen. 


1M 

” 1.1 


(Will NATIONS OF PlIOSPHOKUS WITH SULPIIUli. 

The compounds (T'S), (P*S), (I’W), (P-tf’), and (PS - ), exist ; the 
first four correspond in composition to oxide of phosphorus, hvpophos- 
phorous, phos]>horous, and phosphoric anhydrides. The fifth has no 
corresponding oxygenized compound. 

These different, bodies arc prepared with difficully from ordinary 
phosphorus, but may be easily procured from amorphous phosphorus. 

The two first assume two particular allotropic states; they may 
present themselves either as liquids, volatile without decomposition, 
spontaneously inflammable, solidifiahlo at a low temperature, and de- 
composable by water; or as solid red bodies not affected by water, 
and not spontaneously inflammable. 

Probably tho liquid modification of these bodies contains the phos- 
phorus in a crystallizable state, while the solid modification contains it 
in an amorphous condition. 


ARSENIC 

Atomic weight — 7fl. Molecular weight — 

Arsenic is generally prepared by beating an arsenio-sulpbide of iron 
(mispickel) with iron ore ; the arsenic volatilizes and the sulphur 
remains in the stato of sulphide of iron. 

Very pure arsenic may also bo obtained by passing vapours of arsenious 
anhydride over red-hot carbon, or by heating a mixture of lime and 
sulphide of arsenic. 

Arsenic is solid at tho ordinary temperature. Under the influence 
of heat it. volatilizes without melting, unless the operation be conducted 
underpressure. The density of solid arsenic is 5*7o and its vapour 
density 10*30. 

Arsenic is insoluble in water and crystallizable in rhombohedra by 
means of sublimation. It is very brilliant, and air soon tarnishes it, 



174 


PRINCIPLES OP CHEMISTRY. 


but steeping it in a solution of an alkaline hypochlorite restores its 
lustre by dissolving the slight layer of oxide which covered the surface. 

Arsenic may be pulverized with the greatest ease. It is inodorous 
and tasteless. When thrown on hot charcoal it emits an alliaceous 
odour which does not pertain cither to the vapours of arsenic or to 
those of arsenious anhydride, and which appears to show itself at the 
instant oxidation takes place. 

Arsenic combines with oxygen at a very slightly elevated tempera- 
ture, and it then bums with a pale-blue flame, producing arsenious an- 
hydride (the white arsenic of commerce). It ignites spontaneously in 
an atmosphere of chlorine, forming chloride of arsenic. 

Arsenicum is not poisonous of itself, but it becomes so under any 
; influence that may cause its oxidation. Its oxides are very poisonous. 


COMBINATIONS OF ARSENICUM WITH MONATOMIC METALLOIDS. 


Two arsenides of hydrogen are known : gaseous arseniuretted 
hydrogen. (Asll :l ), and the solid arsenide (As*!!*), the latter analogous 
to solid phosphide of hydrogen. 

Arseniuretted Hydrogen (AsII 3 ). — This hod}" mixed with hydrogen 
is produced when nascent hydrogen is made to act on the oxy -acids of 
arsenic. It. is prepared in a pure state by treating the arsenide of tin 
by hydrochloric acid : 

( Ah'Sh*) + «(n|) - + 2 ( AsTr ) 

Arsenide Hydrochloric Chloride of Arson inrot, ted 

of Liu. acid. tin. hydrogen. 


It is a colourless gas with a nauseous fetid odour, of a dcusity of 
ICtiito ; it liquefies at about — .‘50° under tho ordinary pressure of the 
atmosphere: 

Heat, decomposes arseniuretted hydrogen into arsenic and hydrogen, 
and electricity causes it to undergo a similar decomposition. 

Arseniuretted hydrogen burns in air, forming water and arsenious 
anhydride ; but if the oxygen bo insuflicicnt, as always occurs in the 
middle of the flame, water and arsenic are produced ; therefore when 
the flame of tho gas is cut by a cold body, a deposit of arseuicum is 
obtained. 

Arseniuretted hydrogen, on contact with a solution of nitrate of 
silver, gives metallic silver, arsenic and nitric acids. 


(AsII 3 ) + 

Arseniuretted 

hydrogen. 



Nitrate of 
silver. 



Nitric arid. 



Arsenic arid. 



Water. 



Silver. 
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Arsoniurotted hydrogen is analyzed in the same manner as phosplm- 
retted hydrogen. 

Solid Arsenide of Hydrogen (As 4 TP). (Synonym : Hydride of Arsenic.) 
— This compound is formed in several ways. M. Blondot recently dis- 
covered that it is formed every time that nascent hydrogen acts on the 
acids of arsenic in presence of nitric acid : the smallest quantity of this 
acid is sufficient to prevent the production of gaseous arseniurettod 
hydrogen and to determine that of the solid arsenide ; nevertheless if 
organic substances be added to the mixture, the production of gaseous 
arseniurettod hydrogen alono takes place as in the absence of the 
nitric acid. 


CoMlUNATIOXS OF AuSKNKJ WITH CllLOKINK, RltOMIXE, AND IoW\F. 

Uhlorino, bromine, and iodine, combine directly with arsenic the 
two first, with production of light— and chloride, bromide, or iodide oi 
arsenic is formed. The chlorides of arsenic is liquid ;• it boils at 132’ 
arid freezes at — 20°; its formula is (As(T l ). 

The bromide, is solid at the ordinary temperature ; it melts at 20° and 
distils at 220"; its formula is (Aslhr*). The iodide is also solid, fusible 
and volatile, and answers to the formula (AsP); it is red, while the 
chloride and the bromide are colourless in the liquid and white in the 
solid stale. These three bodies are decomposed by water into arson ions 
anhydride and hydrochloric, hydrobromic, or hydriodio acid. 

2(A«1V) + .l(J{ }o) - «(l"f) + (Art,-) 

DromRk! of Water. llydrobroiiiic Arwriiniis 

an-.oile. acid. iinli.vdriilo. 


Compounds of Arsenic with Oxyokn. 

Arsenic forms two compounds with oxygen: the arsenious anhy- 
dride (As 2 0 : ‘) and the arsenic anhydride (As a O : ’). 

/AsO' M i \ 

Arsenious Anhydride ( AsO'" ( ® )* — This body may be prepared by 

burning arsenic in air, but it is generally obtained secondarily by 
roasting certain metallic arsenides. 

Arsenious anhydride is dimorphous ; sometimes it crystallizes in 
regular octahcdra, sometimes in prisms with a rhombic base. \\ hen 
recently sublimed it assumes the aspect of a vitreous mass, but this 
left to itself becomes opaque, and this transformation proceeds from 
the surface to the centre. 

Opaque arsenious anhydride has a density of .‘Wififi, while the density 
of the vitreous anhydride is 8*738. 
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acid, and the white insoluble powder which is produced is not 
calcined, this has for formula ^SbO'" j qh)' ^ * s an ac ^ ana ^°g°' us 
to mctaphosphoric acid, and represents the first anhydride of an 

unknown acid, the formula of which would 

The acid ^SbO'" j is called antimonie acid. In presence of 
bases it exchanges II for a metal, and forms salts whose general for- 
mula is ^SbO'" | 

On decomposing the percliloride of antimony by water, another acid 
is obtained which is analogous to pyrophosphoric acid ; it is the meta- 



antimonic acid of M. Fremy ; its formula is 



OH\ 

SbO'" j 

on 


0" 

SbO'" j 

on 

1 

l on) 


it can 


exchange 4 atoms of hydrogen for 4 atoms of motal ; but on contact 
with water its neutral salts always decompose into free base and an 

/ , OM' 

SbO'" < OTI 


acid salt, answering to the foimula 


0 " 

SbO'" \ on 
[ ow t 


The potassic salt which corresponds to this formula possesses the 
property of precipitating the salts of soda in the state of insoluble 
bimet- anti m oni ate. 

When antimony is treated by nitrate of potassium at a high tempe- 
rature, the antimoniate of potassium ^SbO'" | is produced, which 
dissolves after some time in boiling water, and there remains an 


insoluble powder, whose formula is 


SbO'" | 

ro"\ 
>0" \ 

SbO'" j 

OK 

1 

SbO'" : 

0" 

[ok 

ysbO'" j 

10 " 

0 "/ 


= (CSbO^'/K'O 7 ). 


This salt appears to correspond to an acid 


/ SbO" 1 { q" \ 

SbO'"-! on 

lo" 

SbO'" 1 OH 


SbO' 


' 10 " , 
1 0 " / 


= ((Sb 0 "')‘H , 0 7 ), 


which would be the second anhydride of an unknown acid 
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SbO'" • 

OH \ 
[OH 

SbO'" ■ 

|0" 

[OH 

SbO'" ■ 

0" 

[OH 


ro" 

SbO'" • 

OH 


OH/ 


((SbO''') 4 H 6 O u ). 


It is evident that there are the closest analogies between the antimonic 
and the phosphoric acids. 

Intermediate Oxide of Antimony (3b a 0 4 ). — This body is obtained 
in the form of an insoluble white powder by roasting the sulphide of 
antimony until it ceases to absorb oxygen. This compound may be 


considered as the antimoniate 


of antimonyl ^SbO ,/, |g^Q, j8 ^. 


Combinations of Antimony with Summit. 

Two sulphides of antimony are known, the torsulphide (Sb a S 3 ), and 
the pentasulpliide (Sb*S 5 ). They are obtained by transmitting a 
current of sulphuretted hydrogen into the solution of the correspond- 
ing chlorides (SbCl 3 ) and (SbUl 4 ). 

The tersulphide is also obtained by heating the requisite propor- 
tions of antimony and sulphur. Hydrogen reduces it under the in- 
fluence of heat, forming hydrosulphurie acid and liberating antimony. 

The pentasulphide gives up sulphur to sulphide of carbon, and may, 
therefore, be only a simple mixture. True sulplio-salts correspond to 
tho two sulphides of antimony ; and these sulphides are dissolved 
in the solution of alkaline sulphides, and may be regarded as acid 
anhydro-sulpliides. 

There exists a compound of sulphide and protoxide of antimony 
which has a certain degree of importance, because it is much used in 
medicine as an expectorant and sudorific, or as a sedative in parenchy- 
matous inflammations. It is kermes mineral. 

To prepare kennes, carbonate of sodium is made to react on sulphido 
of antimony, either by heating a mixture of these bodies to redness, or 
by boiling sulphide of antimony in a solution of carbonate of sodium. 
Even when the operation is conducted by the first method it is after- 
wards completed by boiling in water, which theoretically reduces 
these two processes to one. When the boiling has lasted long enough, 
the liquid is filtered while hot, and tho kermes is deposited on 
cooling. 

The following is tho theory of this operation : by tho reaction of one 
part of carbonate of sodium on one part of sulphide of antimony, oxide 
of antimony and sulphide of sodium are formed : 
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H + KSS'} 0 ’) - 3 ( co ’) + *© s ) + ( sb ’ o •) 

Sulphide of Carbonate of Carbonic Sulphide of Oxide of 

antimony. sodium. anhydride*. sodium. antimony. 

The oxide of antimony remains dissolved by means of the carbonate 
of sodium not decomposed, and the unaltered sulphide of antimony is 
held in solution by means of the sulphide of sodium. But as oxide 
and sulphide of antimony dissolve in their respective solvents more 
readity when hot than when cold, both are deposited by the cooling of 
the liquid, and constitute kermes. 

The cooled liquid still contains oxide and sulphide of antimony in 
solution, if it be treated by hydrochloric acid, the latter will 
decompose the carbonate and sulphide of sodium, and precipi- 
tate an additional quantity of the oxide and sulphide of antimony. 
The oxido reacts on the hydrosulphuric acid arising from tho decom- 
position of sulphide of sodium and becomes wholly transformed into 
sulphide; so that in this second operation only hydrated sulphide 
of antimony is obtained. This sulphido even contains .a little poly- 
sulphide, which arises from tho liberation of a small quantity of 
sulphur by the hydrochloric acid at tho expense of the sodic poly- 
sulphides formed by the action of air on the monosulphide of sodium : 

:;(T<a ! .S) + J- = 2(Na*(J) + (NaS‘) 

Sulphido of Oxygen. Oxide of Tritsulphide 

sodium. sodium. of sodium. . 

The mixture of trisulpliidc and hydrated pentasulphide is known 
as the golden sulphide of antimony. 

On roasting crude sulphide of antimony, oxysulphides are obtained, 
known as glass of antimony, liver of antimony, crocus metallorum, etc. 


lli*l 

BISMUTH gi t l 

Atomic weight = 210. Probable molecular weight - H40. 

Bismuth exists in the native state ; its extraction consists in simple 
fusion to free it from earthy impurities. In order to render it entirely 
pure, it is dissolved in nitric acid, and a large quantity of water is 
added to the solution : the bismuth is precipitated in the state of sub- 
nitrate, while all tho metals 'tirith which it was combined remain in 
solution. Tho precipitate is washed, dried, and calcined in a crucible 
with charcoal. On cooling, very pure bismuth collects at the bottom 
of the crucible. 

Bismuth has a reddish-white colour ; it is hard and so brittle that it 
can be pulverized very easily. It melts at 267°, and by means of 
fusion crystallizes in large pyramids formed by superposed cubic 
crystals. These crystals are generally covered with a slight layer of 
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oxide, anil present the appearance of coloured rings. At a very high 
temperature bismuth volatilizes. Its density is 9*9 It does not 
oxidize in dry air ; if the air be moist, it tarnishes a little, and under 
the simultaneous influence of air and heat it rapidly becomes 
oxidized. 

Chlorine easily combines with bismuth. Dilute hydrochloric and * 
hydrosulphuric acids do not act on it : hot concentrated sulphuric 
acid dissolves it, disengaging sulphurous anhydride. 

Cold nitric acid dissolves bismuth, forming trisnitrato. ■ 

All soluble salts, in which bismuth acts as the positive element, are 
decomposed by water with the formation of a basic salt which is preci- 
pitated, and the liberation of a certain quantity of acid which 
preserves a portion of neutral salt un decomposed. 

Salts of bismuth are neither precipitated by hydrochloric nor by sul- 
phuric acid. Ammonia causes the formation of a wliito precipitate 
insoluble in excess of ammonia. Hydrosulphuric acid gives a black 
precipitate, insoluble in sulphide of ammonium, and soluble in boiling 
nitric acid. 

Chlorine combines with bismuth, forming a chloride whose formula 
is (BiCl 3 ), and which is solublo in water acidulated with hydrochloric 
acid. A larger quantity of water decomposes this solution, and pre- 
cipitates an oxychloride (BiOCl), which, before being dried, is repre- 
sented by the formula 2( BiOCl) +aq. By calcining the subnitrate of 
bismuth prepared as above, an oxide is obtained whose formula is 
(Bi 2 0 3 ), and which is a basic anhydride. The hydrato (BillO 2 ) may 
also be obtained by precipitating a soluble salt of bismuth by potash. 
This hydrate is the first anhydride of the unknown hydrate (BilPO 3 ). 

On the preceding hydrato being mixed with a vory concentrated 
solution of potash, and tho mixture submitted to the action of a current 
of chlorine, a blood-red substance is separated, which, treated by 
acids, gives bismuthic acid. This acid is transformed by tho action of 
heat into bismuthic anhydride (Bi*0 5 ). It is not known to which of 
tho phosphoric acids the normal bismuthic acid corresponds. A rather 
strong heat transforms bismuthic anhydride into an intermediate oxide 
(Bi 3 0 4 ), which may be regarded as a pyrobismuthate of bismuthyl if 


its formula be doubled. 


We then have 



OBiO\ 

OBiOl 

iOBiO 


= (Bi*0 8 ). 


By melting bismuth with sulphur; a sulphide (Bi*S“) is obtained, 
which may also bo prepared in a state of hydrate by transmitting a 
current of hydrosulphuric acid into the solution of a salt of bismuth. 
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U*1 

UBANIUM ^j a j- 

Atomic weight = 120. Probable molecular weight = 480. 

Uranium is obtained in the free state by decomposing its protochlo- 
ride by potassium with the aid of heat. The uranium remains in the 
form of a dark-grey powder, partly agglomerated. 

Heated to white redness in a crucible with chloride of sodium, 
uranium becomes yellowish white, hard, and somewhat malleable. 
Its density is then 18 *4; it becomes yellower on contact with air. 
Fowdered uranium bums in chlorine, and unites with sulphur at 
the boiling point of this body, with the production of light. Acids 
dissolve it, disengaging hydrogen, and the solutions are green when 
the acid does not act as an oxidant, 
j Uranium burns in air with a bright incandescence. 

It forms several compounds with oxygen ; two are especially interest- 
ing: the protoxide (UO), and the sesquioxide (U*0 3 ). Both really, like 
the sesquioxide of antimony, act as basic anhydrides. Tho sesquioxide 
also acts as an acid anhydride ; to each of these two oxides, therefore, 
a series of salts corresponds, and the uranates correspond to the sesqui- 
oxide. 

We will only here mention the sesquioxido, which alone has a theo- 
retic importance. 

Sesquioxide of Uranium (TPO 3 ).— There is a mineral, tho pitch- 
blende of Bohemia, which is chiefly composed of oxidized uranium. If 
this mineral be heated with nitric? acid, a yellow solution is obtained 
containing nitrate of uranium. This solution evaporated to dryness 
leaves a residue, which is submitted to the action of ether ; this liquid 
dissolves the nitrate of uranium, and leaves tho other substances. The 
ether is evaporated at the ordinary temperature, and thus the nitrate 
of uranium is obtained pure. On calcining this salt at 250° it is trans- 
formed into sesquioxide of uranium (IPO 8 ). 

By evaporating to dryness an alcoholic solution of uranic nitrate, 
and washing with water the residue of the strong reaction which is 
manifested at the end of tho operation, M. Malaguti has obtained an 

uranic hydrate j 0^. This hydrate is tho first anhydride of the 

unknown normal hydrate j O 8 ^. 

Uranic salts aro all derived from this first anhydride by the substi- 
tution of an acid radicle for II. Their general formula is, therefore, 

C5} O). None are known derived from the normal hydrate j 0*J, 

and which would have the formula GSM 

This fact, analogous to that we have already observed in the case of 
antimony, is not surprising. We know that to all basic or acid hydrates 
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containing more than two atoms of hydrogen, anhydrides acting as 
either acids or bases, and in consequence capable of forming salts, cor- 
respond. Now, according to the bodies, sometimes it is the grouping of 
the normal hydrate which is the most stable ; in this case the principal 
salts present this grouping, and if some are obtained that are derived 
from anhydrides they are instable, and always have a tendency to 
return to the grouping of the normal hydrate. Sometimes, on the 
contrary, it is the grouping of the anhydride which has the greatest 
stability : the salts then present this grouping, and if sometimos somo 
are obtained derived from the normal hydrate, they always have a 
tendency to return to the typo of the anhydride. It may also happen 
that the bodies belonging to the type of the normal hydrato are so un- 
stable that none of them can be prepared. 

We have an example of the first order of these facts in phosphoric 
acid and its salts, and of the second order in uranic and antimonious 
salts. 

Formerly, when our present ideas on atomicity had not been 
formed, the formation of salts was accounted for in a totally dif- 
ferent manner. It was believed that they consisted of two simple 
or compound principles endowed with opposite electric polarity, 
and capable of being saturated reciprocally. In oxygenized salts, 
for instance, the existence was admitted of two separate oxygenized 
groups, one of which took tho name of base, and the other that 
of acid. This theory is known as the binary theory. According 

to it, the sulphate of potassium > OM, for instance, would be 

written (K*0),(S0 < ) ; the existence of two groups already formed 
was. supposed : one of these (K*0) (basic anhydride) received tho 
name of base, while the other (SO 8 ) (acid anhydride) was called acid. 
Our normal acids and bases wore combinations of an acid or base 
with water. Sulphuric acid was written (SO*) t (IFO), and potash 
(K*0),(H'O). Often this could only be done by doubling the formu- 
las, which moro exact knowledge of molecular weights lias shown us 
to be moro simple, or by accepting as equivalents numbers half tho 
value of our actual atomic weights. Thus nitric acid (N HO 3 ) could 
only be written as N 8 0 5 ,H*0 = (N*H*0®), and then the formula was 
double the true one ; or NO 5 , 110, and then O was made = 8, while in 
reality the atomic weight of oxygon is 16. Among the different 
reasons which caused chemists to abandon the binary theory, this is 
the strongest. This theory, in fact, is in disaccordance either with our 
molecular or else with our atomic weights. 

When we have a basic anhydride containing several atoms of 
oxygen, we now say that to this anhydride a perhydratc corresponds, 
and often anhydrides containing still more hydrogen ; we call the first 
hydrates, and the salts derived hydrates and normal salts, to distinguish 
these bodies from all those which present the grouping of anhy- 
drides. Moreover, we know that when the simple body combined with 
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oxygen has an uneven atomicity, the hydrate is formed by double decom- 
position, and contains as much hydroxyl as the oxido contained 
oxygen ; while, if the atomicity bo even, the hydrate is formed by 


addition, and contains twice 

as many atoms of hydroxyl as tho oxido 

contained oxygen. 




(£}<>•) 


•(S}») 

it 

** 

ooo 

waa 

Oxide of gold. 


Water. 

Perhyilrute of gold. 

(Ba"0) 

+ 

(5W 

- MS?) 

Oxide Of 
barium. 


Water. 

Hydrate of 
barium. 


Now, as normal salts arise by the substitution of an acid radicle for 
the typical hydrogen of normal bases, wo see that there is a relation 
between the number of atoms of oxygen which a basic oxide contains, 
and the number of acid radicles which form part of the normal neutral 
salts deiived from these oxides. 

Thus, in the case of oxides containing elements of uneven atomicity, 
the normal neutral salts ought to contain as many times the radicle of 
a "monatomic acid as these acids contain oxygen. They ought to 
contain a double number in the case of basic oxides containing elements 
of even atomicity. 

(K*0) (KONO*) 

I’otftHsic anhydride. Potussic nitrate. 


(lV'O) 

Baryiic anhydride. 



Barytic nitrate. 


According to the binary theory, this difference between tho constitu- 
tion of salts containing elements of even, and of those containing 
elements of uneven, atomicity did not exist. Atomicity not being 
understood, the first was doubled, or the second divided, and all 
became alike. Thus the salts we have taken as examples were consi- 
dered either as : 


(K‘0) 

(K*0,N*0 S ) 

Oxide of potassium. 

Nitrate of potash. 

(BaO) 

(BaO,N*O s ) 

Oxide of liarium. 

Nitrate of baryta. 

(KO) 

(K0.N0 6 ) 

Oxide of potassium. 

Nitrate of potash. 

(BhO) 

(BaO.NO 5 ) 

Oxide of barium. 

Nitrate of boryia. 
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making in the second case 0=8 and Ba= 68*5, instead of 0=10 and 
15a = 137. 

As is seen by these binary formulas, the quantity of acid contained 
in a normal neutral salt was always equal to the number of atoms of 
oxygon contained in the base ; thence this law of Richter : 

44 In neutral salts (normal neutral)* there is a constant relation 
between the acid and the oxygen of the base.” 

Which law Berzelius thus expressed : — “ For the same species of 
neutral salts, there is a constant relation between the oxygen of the 
acid and the oxygen of the base.” 

Thus the nitrate of potash being (K0,N0 5 ), the proportion between 
the oxygen of the base and that of the acid is 1:5; this same relation 
ought to exist between all neutral nitrates ; if the baso contain 0®, 
the acid ought to contain O 10 ; that is to say, that this salt ought to 
contain twice NO 5 . If the base contain 0 3 , the salt ought to contain 
3(N0 5 ), and so on. Thus, for example, the neutral nitrate of potash 
being (KO.NO 5 ), the neutral pernitrate of iron was (Te*0 a ,3N0 5 ), and 
would have been (Fe 4 O tf ,GN0 5 ), if to the sesquioxido of iron an 
equivalent, equal to its molecular weight, which is 160, had been 
given, instead of the equivalent of 80. 

The oxides of antimony and uranium, not conforming to the theory, 
were regarded as exceptions. These oxideB containing O 3 ought, ac- 
cording to Richter’s law, to unite with three equivalents of any acid to 
form neutral salts, while in reality they only unite to a single equiva- 
lent of acid. 

To explain this anomaly, M. Peligot states that, in the sesquioxido 
of uranium ( U 2 0 3 )f , the three equivalents of oxygen are not in the 
same state; two forming with uranium the compound radicle (IJ*0 2 ), 
and the other being combined with this radiclo as it is with metals in 
the other oxides, the hydrate of uranium and its salts then became 
(U*0*0,H0) and (U*0®0,A), (A being any acid whatsoever). The 
normal proportion thus being established, this proportion ought to 
exist, not between the oxygon of the acid and the whole of the oxygen 
of the base, but between the oxygen of the acid and the fundamental 
oxygen of the base ; that is to say, the oxygen whose presence gives its 
basic properties to the body. 

With the atomic weight of uranium U = 120 and of oxygen 0 = 16, 
the radicle (U*0*)‘ becomes (UO) ; we can therefore use M. Peligots 
theory in our actual formulas, and inquire whether (UO) is the radicle 
which exists in uranic salts. 

Its presence, in fact, cannot be doubted, and we have expressed this 
idea when we said that these salts are derived from the first anhydride 
of the unknown normal hydrate. The anhydrides are formed bj T the 
substitution of O for (OH 2 ) in a hydrate. If therefore the normal 

* That is, derived from u normal or ttuturuted hydrate, 
t U = 60, 0 = 8. 
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f 0H . . in" 

hydrate isU'"<OII, the first anhydride will be which formula 

(OH 


may also be written ^^J o, to show that the typical hydrogen is there 

united to the uranyl (U()') by the medium of the oxygen. 

The grouping of the hydrate ^ 1 0 ^ is so stable that oven the 

chloride corresponds to it. Thus on submitting the sesquioxide of 
uranium to the action of chlorine, we do not obtain the chloride 



(U'"C1 S ), it is tho oxychloride = (U0U1) that is 


produced. 

Tho several theoretical considerations we have just stated on the 
subject of uranium show how our present theories are more enlarged 
than former ones, since such facts are now considered as ordinary and 
normal which were formerly regarded as exceptions. 


The sesquioxide of uranium is a bright yellow colour ; strongly hoated 
it loses part of its oxygen, and is transformed into a green oxide (U 3 0 4 ). 
The sesquioxide easily dissolves in acids, forming yellow salts, and in 
alkaline solutions forming uranates, in which uranyl acts as an acid 
radicle. If it be mixed with carbon, and the mixture heated in a 
current of hydrogen, protoxide of uranium (UO), or rather (U 2 0 a ), is 
formed; in a current of chlorine the same mixture forms chloride 
(IJC1-), or rather (IJ*C1 4 ). 

The protoxide placed in a solution of nitrato of silver gives a deposit 
of metallic silver and an uranic salt, in the same manner as a sheet of 
zinc would. 


*(£}«>) + ®) 

Nitrate of silver. Protoxide of 

uranium. 



Uranic nitrate. Silver. 


Distinctive Characteristics of Salts of Uranium. — Tho sub-salts 
(salts derived from the protoxide), such as protochloiido (U“C1 4 ), are 
green; with caustic alkalies and ammonia they give a dark-brown 
gelatinous precipitate, which exposure to the air turns.yellow by causing 
it to pass to the state of perhydrate. 

Uranic salts (salts derived from the hydrate (^jjjo^)are yellow; 

alkalies form in their solutions a yellow precipitate, soluble in an ex- 
cess of the reagent. 

Their alcoholic solutions exposed to the sun turn green, because they 
are reduced to sub-salts by losing oxygen. 
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GENERAL REMARKS ON THE PENTATOMIC METALLOIDS. 

The fundamental character of metalloids of this class is that they are 
pcntatomic ; they can unite with three or five monatomic atoms, forming 
compounds belonging to the two types (K"'X 3 ) and (R V X 5 ). 

Jt is remarkable that when a single monatomic radicle enters into 
combination with one of these bodies, the compound has a great ten- 
dency to assume the grouping (KX 3 ), while when two different radicles 
intervene ai thq same time, the group (RX a ) is the one that usually 
forms. 

Bismuth and uranium are exceptions to this ; they never form com- 
pounds corresponding to the formula (RX 5 ). Nevertheless, if we con- 
sider that, commencing from nitrogen, the stability of the compounds 
of which wo speak progressively decreases ; if we consider moreover, 
that the combinations of bismuth and uranium with oxygen havo the 
strictest analogy to tho oxygenized combinations of antimony, we are 
obliged to admit that bismuth and uranium belong to the group of 
pentatomic metalloids, and that if their compounds answering to the 
formula (RX 5 ) are not known, it is probably because they are too un- 
stable to have been hitherto prepared. 

Those of these metalloids which combine with hydrogen give com- 
pounds whose formula is (RIP). When tho radicle R is nitrogen the 
compound eagerly combines with acids to pass to tho grouping (KX:*). 

(NIP) + (1IC1) = (NIPC1) 

Ammonia. Hydrochloric Chloride of 

acid. ammonium. 

If the radicle R be phosphorus, the preceding reaction is only possi- 
ble with hydro bromic and hydriodic acids, and even then the com- 
pounds formed are unstable. 

Arseniuretted hydrogen and antimoniuretted hydrogen never unite 
either with hydracids nor with ox-acids. It is only when their hydrogen 
has been replaced by organic radicles that tho group can be completed 
by the fixing of two new monatomic radicles. 

We know that polyatomic radicles are capable of accumulating in 
the molecules, losing a fraction of their capacity for saturation equal to 
2 n — 2, calling n the number of atoms accumulated in one molecule. 
We also know that every compound which contains monatomic radicles 

may lose, successively, one, two, three n molecules of these 

latter, forming non-saturated bodies. According to this principle, a 
member of this class ought to be able to form, with monatomic radicles, 
the following compounds : 

RX 5 — RX 3 -RX 

R*X 8 - R*X 6 - R*X* - IPX 8 

R S X 11 - R 8 X 9 - IPX 7 - IPX 5 - R 8 X a - IPX 

R 4 X U - R 4 X 18 - R 4 X 10 - IPX 8 - R 4 X® - IPX 4 - R 4 X 8 . 
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We know very little concerning these products of condensation ; 
nevertheless, there are two compounds of phosphorus and one of arsenic 
which evidently correspond to two of those formulae. These are 
liquid phosphnretted hydrogen (P*H 4 ), solid phosphurotted hydrogen 
(P 4 H*), and solid arsenide of hydrogen (As 4 IP). 

Pentatomic metalloids can also unite with oxygen and with biatomic 
radicles in general. These latter radicles having the faculty of accumu- 
lating indefinitely, the quantity of their compounds possible is innumer- 
able. Nevertheless, as the addition of any number of atoms of a radicle 
of even atomicity to one of these metalloids can only give one com- 
pound radicle of uneven atomicity, and as these radicles cannot exist, in 
a free state, oxygen and its congeners ought only to combine with 
bodies of the nitrogen family on condition that the compound formed 
contain two atoms of the pentatomic metalloid (we speak of compounds 
capable of isolation, and not of radicles that can only act in combinations). 
But there are two exceptions to this rule : that of the protoxide of 
nitrogen, whose formula is (NO) and not (N 2 0 2 ), and that of the hypo- 
nitride, whose formula is (NO 2 ) and not (N y 0 4 ). 


APPENDIX TO THE METALLOIDS. 

Atmospheric Air. — The qualitative composition of atmospheric air 
was determined for the first time by Lavoisier, by means of the fol- 
lowing experiment. 

Lavoisier took a globe B (fig. 29), with a very long neck curved 



Ki K . 2!>. 


twice ; the globe contained mercury, and the free end of the neck was 
passed under a bell-glass full of air E, placed over a bath of mercury D. 
The air contained in the globe could communicate freely with that 
contained in the bell-glass. 
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The apparatus being thus disposed, Lavoisier heated the globe for 
twelve days at a temperature about that of the boiling point of mercury. 
He obsoi-ved; 1st, that the mercury in the globe became covered with a 
red layer ; and, 2nd, that the volume of air in the bell-glass diminished. 

After twelve days, tho gaseous volume no longer diminishing and 
the red layer no longer appearing to increase, Lavoisier arrested the 
operation. He Ihen recognized that the gas contained in the bell-glass 
possessed tho properties we have described as belonging to nitrogen. He 
collected, on the other hand, tho red layer produced, and heated it 
strongly in a small tube closed at one end. The mercury was re-formed, 
and a gas was disengaged in which Lavoisier recognised the properties 
wo have described as belonging to oxygen. 

This experiment showed that air is composed of two gases, to which 
Lavoisier gave the names which they still retain ; but it could do nothing 
towards fixing its quantitative composition. Succeeding experimenters 
endeavoured to do this, and numerous processes have been successively 
employed. 

Analysis or Am by Phosphorus. — A small graduated bell-glass con- 
taining a measured quantity of air is placed over a bath of mercury 
(fig. HO). A ball of phosphorus supported by a wire is introduced into 



Fig. :m. 



Fig. 31. 


the bell-glass, and the apparatus is left alone until the gaseous volume 
no longer diminishes, which sometimes requires a rather long time. 
Finally, it is shaken a little to precipitate tho phosphorus vapour, and 
the remaining volume, which is nitrogen; is measured. Instead of this 
process anothor method may be employed, which consists in heating a 
piece of phosphorus in a curved bell-glass (fig. 31) by a small spirit 
lamp. The combination of the oxygen and phosphorus is then very 
rapid. Tho operation should be conducted in a vessel full of water, in 
order that the acids arising from the oxidization of the phosphorus may 
be dissolved. 

In whatever way we operate, we find that 100®° of air leave a residue 
of 79®°, which gives 21®° for the oxygen consumed. 

Analysis of Air by Comm and Acids. — I n presence of acids copper 
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absorbs oxygen. If therefore a sheet of copper moistened with sul- 
phuric acid be placed in a test tube containing a known volume of air, 
after a certain time the metal will have absorbed all the oxygen, and 
there will only remain in the tube pure nitrogen, which may be 
measured. 

Prowls by Pyrogallic Acid and Potash. — In contact with potash, 
pyrogallic acid absorbs oxygen. It is therefore only necessary to shake 
a tube full of air placed over mercury, after having introduced succes- 
sively, by means of a small curved tube, pyrogallic acid and potash, and 
to measure the gas which remains after absorption. This gas consists 
of pure nitrogen, and the amount of oxygen is determined by the 
difference. 

Eudjometrjc Process. — A measured volume of atmospheric air V, and 
an equal one of hydrogen V', are introduced into a eudiometer, and the 
amount of the given volumo of the mixture is V + V'. 

An electric spark is transmitted, and after the explosion the gas 
which remains is measured ; lot its volumo bo V" ; V + V' — V" re- 


presents the gas that has disappeared by the combustion. This gas 
has passed into the state of water, and the mixture of hydrogen and 
oxygen capable of being entirely transformed into water contains ^ of 


V 4 . V' — V" 

oxygen. Therefore the volume Y of air contained -- of 


oxygen, and Y — 


V + V' - V" 

3 


of nitrogen. 


We find by this process, as by the analysis made by means of phos- 
phorus, that air contains in a hundred parts : 


Oxygen . . . . 21 volumes. 

Nitrogen .... 79 „ 


MM. Dumas and Boussingault’s Process. — In this method the con- 
stituent elements of air are proportioned by weight. Moreover, if 
necessary, not only the oxygen and nitrogen, but also tho carbonic 
anhydride and tho vapour of water which air contains, may be deter- 
mined in the same experiment. 

The apparatus is composed (fig. 32), 1st, of a large globe A, furnished at 
the upper part with a brass neck having an air-tight stopcock li, above 
which is fastened a bent glass tube B. 2nd. This tube communicates 
through a brass stopcock li' fitted, by means of india-rubber, with another 
larger tube of porcelain placed on a grating of sheet iron C. 3rd. The 
porcelain tube is closed at the other extremity by a stopcock R", by means 
of which it communicates with a series of U and Liebig’s tubes full cither 
of solution of potash or sulphuric acid, or of pumice-stone moistened 
with sulphuric acid or potash, or of solid potash, for the purpose of 
absorbing the carbonic anhydride and watery vapour. Before the 
operation the globe A is exhausted, after which its weight p is ascer- 
tained. The porcelain tube is filled with copper filings, the air exhausted, 
and its weight p' also ascertained ; finally, if we wish to ascertain the 
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proportions of the water and carbonic anhydride, tho whole of the 
potash and sulphuric acid' apparatus is likewise weighed. 

This done, tho apparatus is mounted, the tube containing the metal- 
lic copper is heated to redness, then tho tap It" is opened, care being 


taken to allow the air to enter only 
slowly. When this tube is full of gas, 
which is known by no more air bubbles 
passing into the bulb-tubes, the tap R' is 
opened. The air thon rashes into the 
globe, and when it ceases to pass, the 
taps R, It', and R" aro closed and tho 
apparatus is dismounted. 

The air, on passing over tho red-hot- 
copper, leaves its oxygen with the 
metal, so that tho porcelain tube at tho 
end of tho operation contains all the 
oxygen of the decomposed air. The 
nitrogen fills both this tube and the 
globe A. 

Tho globe A full of nitrogen is 
weighed; let V be its weight; P — p 
represents tlie weight of nitrogen it 
contains. 

Tho porcelain tube full of nitrogen is 
also weighed; lot P'be its weight. Thon 
it is exhausted and its weight P" again 
determined. P' — P" indicates tho quan- 
tity of nitrogen which this tube con- 
tained, and in consequence the total 
quantity of nitrogen is : P — p + P # — P". 

On the other hand, P" — p' repre- 
sents tho weight of the oxygon fixed by 
the copper. 

Finally, let us represent by Q and 
by Q! the weights of the water and the 
carbonic anhydride condensed in tlie 
tubos placed in the first part of tho ap- 
paratus. 

Tho weight of the air decomposed 
being necessarily equal to tho amount 
of that of the different elements consti- 
tuting it, is therefore : 



V - p + P' - P" + P" -p' + Q + O'- 

Thus tho weights of tho nitrogen, oxygen, carbonic anhydride, and 
watery vapour contained in a given weight of air are determined. 


Fig. 32. 
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Thoso numbers have only to be transformed into volumes by taking as 
bases the densities of oxygen and nitrogen. 

MM. Dumas and Boussingault have in this manner demonstrated 
that air contains in weight : 

Oxygen 23 

Nitrogen 77 


and in volumes : 

Oxygon 20-8 

Nitrogen 79*2 

Carbonic anhydride and vapour of water enter into air in variable 
proportions. This fluid contains a mean of from 3 to 0 parts in a 
thousand of the first of theso bodies, and of the second, from 6 to 9 in 
a thousand. 

When, after freeing air from all the carbonic anhydride it contains, 
it is mixed with hydrogen, and submitted to the electric spark, it is 
stated that a very small quantity of carbonic anhydride is formed, 
sufficient to give a precipitate in lime-water. This experiment shows 
that, besides carbonic anhydride, air contains another combustible 
carbonized substance whose nature is unknown. Traces of ammonia 
are also found in air, and M. Barral has in addition discovered the 
presence of a phosphorized substanco.. 

After having shown the invariability of the proportion existing 
between the oxygen and nitrogen of the air, there remains to be con- 
sidered whether theso bodies are chemically combined, or simply 
mixed. 

Air must bo considered as merely a mixture of the gases without 
combination for the following reasons : 

1st. In the qombinations of gases a simple relation is always observed 
between the volumes of the combined gases and that of the compound 
tunned. Moreover, the combination is constantly accompanied by 
contraction, unless the two gases which unite do not enter into combi- 
nation in equal volumes. There is no simple relation between the 
volumes of nitrogen and oxygen contained in air, and the sum of their 
volumes represents exactly the volume of the air without any contrac- 
tion. 

2nd. When quantities of nitrogen and oxygen equal to those consti- 
tuting air are mixed, air is obtained possessing all its properties. 
Nevertheless the most exact thermometers cannot show any elevation 
of temperature, and the most dclicato electroscopes show no develop- 
ment of electricity, while combination is always accompanied by both. 

3rd. In air oxygen and nitrogen retain their own solubilities, and as 
oxygen is more soluble than nitrogen, air taken from water contains 
more oxygen than the ordinary atmosphere. This phenomenon could 
not exist if air were a combination, for then the two gases which con- 
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stitute it would have each lost its own, to acquiro a common 
solubility. 

4th. The refracting power of compound gases is always greater or 
less than the sum of that of their elements. Air, on the contrary, has 
a refracting power equal to the amount of that of its elements. 

Air owes the invariability of its constitution chiefly to its enormous 
mass, which causes its variations to be scarcely appreciable, it also 
owes it partly to the action of vegetation, which decomposes carbonic 
anhydride under the influence of solar radiation and restores the oxygen 
to the atmosphere. Nevertheless the quantity of carbonic anhydride 
produced appears to be larger than that of the oxygen given, so that 
the invariability observed may he only apparent, and ho owing to the 
comparatively short time which has elapsed since flic composition of 
air has been known. 

It is probable that before the appoaranco of animals on tho globe, 
when vegetation alone existed, the composition of tho air was modified 
inversely, that is to say, the proportion of carbonic anhydride decreased 
and that of oxygen augmented. Is it not possible that, after an 
immense period, air may becorno unfit for the respiration of animals, 
so that again vegetation alone will exist on the globe for a series of 
centuries, until it shall a second time render the air fit for animals to 
breathe ? 

It is even possiblo that, before tho distant epoch when probably all 
life will disappear from the suiface of the earth, many similar periods 
may succeed each other. 
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CLASSIFICATION. 

Up to the present time the classification of metals has been quite 
artificial ; it was created by*M. Thonard, and is based on the action 
which heat exercises on metallic oxides, and on the property metals 
have of decomposing water at more or less elevated temperatures, 
or of not decomposing it at all. 

Metals arc first arranged in two sections ; the first containing those 
whose oxides cannot bo decomposed by heat alone, and the second, 
those whoso oxides are decomposed by heat. 


First Section. 

Metals whose Oxides cannot be decomposed by heat alone. 

This section contains the five following classos : 

1 sr Class. — Metals decomposing cold water . 

Potassium. Barium. 

Sodium. Strontium. 

Lithium. Calcium. 

The three first of these havo been called alkaline metals, and the 
three last, metals of the alkaline- earths. To this class csesium and 
rubidium must bo added. 


2nd Class. — Metals decomposing toaicr at 100”. 


Magnesium. 

Cerium. 

Lanthanum. 

Didymium. 

Glucinium. 

Yttrium. 


Erbium. 

Terbium. 

Zirconium. 

Thorinum. 

Aluminium. 


These metals are genorally known as metals of the earths. 
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:>ud Class. — Metals decomposing water at red heat , and disengaging hy- 
drogen from cold water under the influence of dilute acids . 

Manganese. Cobalt. 

Zinc. Vanadium. 

Iron. Cadmium. 

N ickcl. Chromium. 


4tii Class. — Metals decomposing water at red heat , and not 
hydrogen from cold water on contact with acids. 


Tin. 

Antimony. 

Uranium. 

Titanium. 

Molybdenum. 


Tungsten. 

Polopium. 

Niobium. 

Tantalum. 

Osmium. 


disengaging 


oTH Class. — Metals which decompose water only at a white heat , and do not 
disengage hydrogen from add water under the influence of acids. 

Copper. Bismuth. 

Lead. 


Skcond Section. 

Metals whose Oxides can be decomposed by heat alone. 

This section only contained ono class in M. Thenar d’s original classi- 
fication; M. Rcgnault dividod it into two. 

Gtii Class. — Metals which do not decompose water at any temperature ; which 
are capable of absorbing oxygen at a certain temperature , and whose oxides 
arc reduced by a more intense heat. 

Mercury. lihodium. 

7th Class. — Metals which do not absorb oxygen at any temperature; which 
never decompose water , and whose oxides can be reduced by heat. 
Silver. Platinum. 

Gold. Ruthenium. 

Palladium. Iridium. 

This classification is no longer sufficient, for — 

1st. In several classes many bodies appear which ought to be ranked 
among metalloids. The fourth class is almost entirely composed of 
such, we may perhaps say entirely, for it is very possible that polopium 
ought to be placed by the side of tantalum, and that tungsten, molyb- 
dcnuip, and osmium may pass into the ranks of the metalloids. 
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2nd. Bodies which have manifest analogies in their properties are 
separated from each other in consequence of a difference observed in 
characi eristics of secondary importance. It is thus that bodies like 
aluminium and iron are placed in different classes though presenting 
very great resemblances to each other. 

3rd. Even from the arbitrary point of view taken by its author, 
this classification should be revised. Bodies such as aluminium and 
magnesium, which thero appear as decomposing water at 100°, in 
reality only decompose it at red heat, as MM. Sainte-Claire Devillo 
and Dobray have demonstrated. 

The rational classification would bo one which would group metals 
according to their atomicity. Leaving to one sido osmium and pelo- 
pium, which to all nppearanco are metalloids ; indium and wusium, 
whose .atomicity cannot bo ascertained, and whose existence even is 
not certain, the following cl assifi cation might be adopted : 

1st Class. -Monatomic metals. 


Silver. 

Potassium. 

Lithium. 

Rubidium. 

Sodium. 

Cajsium. 

2nd Class. - 

-Diatomic metals. 

Calcium. 

Erbium. 

Barium. 

Terbium. 

Strontium. 

Tliorinum. 

Magnesium. 

Zinc. 

Cerium. 

Cadmium. 

Lanthanum. 

Copper. 

Didymium. 

Yttrium. 

Mercury. 

3rd Class.— 

- Tnalomic metals . 

Gold. 

Thallium. 

Vanadium. 

4tii Class.— 

-Tetr atomic metals. 

Aluminium. 

Cobalt. 

Glucinium. 

Nickel. 

Manganese. 

Lead. 

Iron. 

Platinum. 

Chromium. 

Palladium. 


. r >TH Class. — Pcntatomic metals . 

Up to the present time no metal belonging to this class has been 
discovered. 
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6tii Class. — Hexatomic Metals . 

Molybdenum. Rhodium. 

Tungsten. Ruthenium. 

Iridium. 

In the first edition of this work we said : 

“ This classification is perhaps rather bold ; sovcral metals arc hero 
arranged as tetratomic whose compounds, corresponding to the formula 
(MX 4 ), have never been obtained, only their compounds (M“X C ) being 
known. Several appear in this class without even their compounds of 
this latter character being known as yet. In the Oth class we havo 
placed iridium and ruthenium, whose liexachloridcs and bromides are 
not known. 

“ But if we admit, as 1 was the first to do, that tho apparent atomicity 
of a body ought to be distinguished from its real atomicity, this being 
prevented from manifesting itself, in consequence of tho weakness of 
its combining affinities ; if, moreover, it be admitted, that when two 
bodies appear to havo a different atomicity, they may nevertheless be 
considered as having an equal atomicity provided they present great, 
analogies in their properties, we need not hesitate to accept the pre- 
ceding classification. 

“ Nitrogen, on combining with hydrogen, chlorine, and other mona- 
tomic metalloids, only forms compounds corresponding to the formula 
(NX B ), while phosphorus forms with chlorine the compound (PCI 6 ). 

“ Let us suppose tho acids which combine with ammonia and com- 
plete [the group (NX S ) to be unknown, nitrogen would bo called tri- 
atomic, and phosphorus pentatomic. 

“ Starting from the known pentutoinicity of phosphorus, nitrogen 
might be considered as pentatomic, and, in fact, this would be correct, 
because we know by the ammoniacal salts that such is the atomicity of 
this body. 

“ I suppose that, with regard to a great number of bodies, we are in 
the same position as we should be with nitrogen if these ammoniacal 
salts wore unknown, and I establish the atomicity of tlieso bodies by 
basing my arguments on the relations which they present to other 
bodies whose atomicity cannot be doubted. 

“ I also — basing my opinion on the fact that two atoms of any 
atomicity whatsoever, on combining with ono another lose two units 
of their attractive power — affirm that a body which gives compounds 
of the order (M*X°) is tetratomic. It is really necessaiy that M be 
tetratomic in order that the group M* may have an atomicity equal to 0. 

“ 1 know that my reasoning rests on hypothesis. But when is this 
not the case in science ? Is the atomic theory itself anything but an 
hypothesis ? 

“ My hypothesis takes into account all the facts, while it allows un 
to leave the old track, rejecting tho old classification of metals, and 
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adopting a now one. This alone entitles it to bo takon into con- 
sideration.” 

Since the first edition was published, experience has justified our 
hypothesis. M. N ikies, having succeeded in giving stability to the 
less stable metallic chlorides by combining them with ethora, has de- 
monstrated the existence of chloride of manganese (MnCl 4 ). The 
totratomicity of manganese is therefore now certain, and analogy no 
longer allows us to doubt that metals of the same group are, like it, 
tetratomic. 


GENERAL PROPERTIES OF METALS. 

Metals are all opaque ; but, like all other properties, this one has its 
limits. When reduced to extreme tenuity they become translucent. 
Thus, gold leaf allows a green light to pass through it. 

The colour of metals seen by transmitted light ought to he comple- 
mentary to that seen when they are viewed by reflected light : this 
would cause us to expect gold, to have a red colour when seen by re- 
flected light, sinco red is eomplevnonlary to green, which conclusion 
appears contrary to the fact. Nevertheless, if we cause a ray of light 
to bo reflected eight or ten times from the surface of gold before re- 
ceiving it into the eyo, wo perceive that the metal docs acquire a red 
colour, which would not be observed after only a single reflection, but 
which, notwithstanding, is its true colour. The colour of a body seen 
by reflection arises in reality from the body absorbing rays the wholo 
of which forms a shade complementary to that thus observed. If tho 
absorption of these rays be easy, a single reflection is sufficient to give 
to tho body the shade it ought to acquire, but if the absorption ho 
difficult, the body only acquires its definito colour after the samo ray 
has been reflected several times. This is tho caso with gold, and 
several other metals, such as copper, which is bright scarlet ; silver, 
which is yellow : zinc, which is indigo blue ; iron, which is violet, etc., 
in contradiction to what ordinary observation appears to demonstrate. 

Almost all metals can crystallize, and they usually crystallize in the 
regular system, but all have not tho same tendency to assume a crys- 
talline structure. Generally this tendency diminishes with their 
tenacity. Some metals may be brought to the state of thin leaf by 
being passed between rollers, or by hammoring ; they are then called 
malleable. Others, on tho contrary, always break when we try to 
flatten them; thoy are then called brittle. Only tho first can be 
utilised in the uncombincd state. 

Malleable metals can not only bo made into sheets, but they can also 
be drawn into wires. For this purpose a hard steel plate is used which 
is pierced with holes diminishing in size by regular gradation : this 
apparatus has been termed a draw-plate. After having roughly 
rounded tho metal, it is made thinner at one end either by means of 
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the hammer or by filing, and this end is placed in tho largest hole in 
the draw-plate. It is seized by pincers on the other side and the metal 
drawn through. On repeating this operation through all the holes in 
the draw-plate, wires are obtained of great tenuity. 

With certain metals we can go even beyond this. If a very fino 
platinum wiro be placed inside a cylinder of silver, and tho whole 
drawn through the draw-plate, a wiro is obtained of a diameter equal 
to that of tho original platinum wire; tho outside of this wire is silver, 
but tho centre is an axis of platinum : on boiling in nitric acid tho 
silver is dissolved, and there remains a platinum wire of most extreme 
tenuity. 

Metals must possess tenacity in order to bo drawn into wiro, or they 
cannot resist tho traction without breaking, and the result is that all 
metals which can bo made into thin leaves cannot be reduced to very 
fino wires. In order to distinguish those two properties, the first has. 
retained the name of malleability, and tho second is called ductility. 

This difference is shown in tho following table, whero a certain 
number of bodies are successively disposed in the order of their greatest, 
malleability and of their greatest ductility. 


Oil DKlt OF GREATEST MALLEABILITY. | 


1. Gold. G. Lead. 

2. Silver. 7. Zinc. 

15. Copper. 8. Iron. 

4. Tin. 9. Nickel, 

5. Hatinuin. 


Order of greatest Ductility. 


1. Gold. 

2. Silver. 

3. Platinum 

4. Iron. 

5. Nickel. 


0. Coppor. 

7. Zinc. 

8. Tin. 

9. Lead. 


Generally, when metals are reduced into leaves or wires, at a certain v 
point they becomo brittle, and aro then said to bo hardened, and this,] 
hardening is always accompanied by disengagement of heat. On;? 
heating metals thus hardenod, the calorie they had lost is restored,] 
and with it their original flexibility. This operation is called tem- t 
pering. 

All metals are good conductors of heat and electricity, but there, arc 
also great differences botween them in this respect. 

On tho temperature being raised sufficiently high all metals can bo 
melted. Until late years, few of thorn could bo reduced into vapour ; 
and distilled, but M. Henry Sainte-Olaire Devillo has volatilized nearly j 
all by means of tho oxyhydrogen blowpipe. 

Tho density of metals is generally greater than that of water, but; 
the alkaline metals are an exception. 

Alloys. — When two metals are alloyed, tho properties of the alloy 
are not intermediate between those of the two metals united ; they 
aro new and perfectly distinct properties. Thus tho alloy may be 
harder than each of tho metals which form it, and its density may be 
greater than the mean density of its elements, etc. These cliarac- 
teristics show that alloys are true definite combinations, though it is 
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ofton difficult to separate such compounds in a pure state and to deter- 
mine their formulas. 

Most of the compounds actually employed in manufactures under 
the name of alloys containing tin, antimony, or bismuth, which are 
metalloids, ought to ceaso to bear the name. Nevertheless, as a 
name is of very little importance, and as, without endangering the 
theoiy, we can designate the compounds containing metalloids by 
the same appellation as if they only contained metals, we will continue 
to call these bodies alloys in order to conform to the nomenclature in 
use. 


Fjust Class (Monatomic Mktals). 


POTASSIUM 

Atomic weight = 30. Prubnhle molecular weight = 7H. 

Davy first obtained potassium by decomposing a higlily-conccntrated 
solution of potash by means of a powerful galvanic battery, the nega- 
tive pole of which was plunged into mercury placed at the bottom of 
that solution. The metal was resolved into an amalgam, and remained 
puro when this amalgam was submitted to the action of heat and the 
mercury driven off. Later, Gay-Lussac and Thenard obtained the 
metal by causing red-hot iron to act on melted potash. But now this 
body is prepared by strongly calcining in an iron bottle an intimate 
mixturo of carbonate of potassium and charcoal (black flux), result- 
ing from tlio calcination of cream of tartar. The potassium distils, 
and is received into an apparatus containing naphtha : 

( C K*}°‘) + 20 = ;5 (CO) + |} 

Carbonate of Carbon. Oxide of Potusbium. 

potassium. curl>on. 

The potassium is melted under oil of naphtha to purify it ; it is 
filterod through a cloth which is introduced into this oil, and finally 
it is again distilled. 

Potassium is a white metal which soon tarnishes in the air ; it is 
very soft, melts at 58°, and its density is 0-86. It is one of the 
1 bodies having the greatest affinity for oxygen of any with which we 
( aro acquainted, though ctesium and rubidium have still greater affinity 
. for this metalloid. It absorbs dry oxygen at the ordinaiy temperature, 
and combines with it when hot still more easily. 

It decomposes water at the ordinaiy temperature, and develops 
sufficient heat to produce the combustion of the hydrogen disengaged. 
The flame is coloured violet by a small quantity of vapour of potas- 
sium. When a globule of potassium is thrown on water, this pheno- 
menon of combustion is at once observed, and the red-hot metal 



IODIDE OF POTASSIUM. 


203 


floats on tho surface of the liquid. When the combustion ceases, a 
small globule of potash very hot, previously held up by tho hy- 
drogen gas, falls into the cold water and bursts, and its fragments 
arc thrown in all directions by tho vapour then produced. Tho great 
ease with which potassium oxidizes, obliges chemists to keep it 
beneath naphtha (carbide of hydrogen), which is a body entirely free 
from oxygen. 

Combinations of Potassium with Monatomic Metalloids. 

Potassium on uniting with monatomic metalloids forms a single 
series of compounds answering to tho formula (KR). Wo know the 
chloride of potassium (KOI), tho bromide (KBr), the iodido (KI), and 
tho fluoride (KF1). 

Chloride of Potassium (KOI). — This is obtained as a refuse product 
in several manufactures, and a great quantity is extracted from tho 
ashes of burnt seaweed, which yield as much as 30 por cent. 

Chloride of potassium crystallizes in rectangular prisms ; its density 
is 1-84. It is salt and hitter ; 100 parts of water at 2° dissolve 29*2 parts, 
and 59*3 at the boiling temperature. Fifty grammes of this salt woll- 
powdered, rapidly dissolves in 200** of water contained in a vase weigh- 
ing 185**, lowering tlio temperature to — 11-4°. 

Iodide of Potassium. — This body may bo obtained by several pro- 
cesses, the most siniplo of which consists in dissolving iodine in a 
concentrated solution of potash until tho liquid is slightly coloured. 
Iodide of potassium is formed which remains dissolved, and potassie 
iodato which is precipitated. The reaction takes place according to 
tho following equation : 

8 (u}°) + »GI) - *(?}) + C2}°) + •$}«) 

Po tussle Iodine. Iodide of Iodate of Wuter. 

hydrate. potussium. potassium. 

The liquor is evaporated to dryness without separating tho preci- 
pitated iodate, and the residue is calcined at red heat : the iodate during 
the operation is changed into iodide, disengaging oxygen : 

2 ( I k}°) = 3(0}) + s(f}) 

Iodate of Oxygen. Iodide of 

potassium. potassium. 

The residue of the calcination is dissolved in water and crystal- 
lized. 

Iodido of potassium may also be prepared by precipitating, by 
potassie carbonate, tho solution of iodide of iron obtained by pounding 
iodine and iron filings under water. 

K) + (°£H - (XM + *(?}) 

Iodide of Carbonate of Carbonate of Iodide of 

Iron. potassium. iron. potassium. 
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Iodide of potassium crystallizes in colourless anhj r drous cubes. It 
has a disagreeable bitter taste, and is fusible, deliquescent, soluble in 
alcohol, and very soluble in water, by dissolving in which it can causo 
a reduction of temperature to —24°. 

Iodide of potassium is often adulterated with chloride of potassium 
or sodium. To detect this, a small quantity is dissolved in water, and 
nitrate of palladium is added to the solution till it no longer causes any 
precipitation. The solution is then filtered and treated with a solution 
of nitrate of silver. If this now causes a precipitate, it cannot arise 
from iodine, which has been wholly eliminated by tho salt of palladium, 
and we may be certain that the salt examined contained a chlorido. 
lodido of potassium is much used in medicine. 

Bromide of Potassium (KBr). — Bromido of potassium is prepared 
liko tho iodide, with tho single difference that, bromine is substituted 
for iodine. 


Compounds op Potassium with Polyatomic Metalloids. 

These metalloids combine with potassium in different proportions. 
Throo oxides are known (K y O), (K*0 2 ), and (K 8 0 4 )*, and the sulphides 
(K*S), (K 8 S 8 ), (K 2 S 3 ), (K 2 S 4 ), and (K 2 S a ). 

Of the throo oxides, tho two last possess little stability, and on 
contact with water give potassic hydrate, at the samo timo disengaging 
oxygon. 

2(K*0‘) + 2 (TI’O) + 4(n}0 ) + 3(g |) 

Tetr-oxide Water. Potassic Oxygon, 

of iiotasuium. hydrate. 

Protoxide of Potassium (K 2 0). — The best method of obtaining this 
body consists in heating very dry hydrate of potassium in a silver 
cruciblo with a quantity of potassium equal to that which the hydrate 
contains. 

2 (h}°) + 1} = 2 (k}°) + 2} 

Hydrate of Potassium. Protoxide Hydrogen, 

potassium. of potassium. 


Potassium may also be heated in oxygen, so as to obtain a tetr-oxide 
of tbis metal, and this tetr-oxide may af i er wards be calcined in a 
silver crucible with a quantity of potassium equal to throo times that 
which it contains. 


1st. + 2 (p}) 

Potassium. Oxygen. 

2nd. (k} 0< ) + 3(1|) 

Tetr-oxide Potassium, 

of potassium. 



Tetr-oxide of 
potassium. 


- < 11 °) 
Protoxide 
of poUistdiiro. 


* H. Vernon Uarcourl, Quarterly Journal of the Chemical Society , vol. xv., p. 270. 
October, 1861. 



HYDRATE OF POTASSIUM. 


205 


Protoxide of potassium is a powerful basio anhydride ; it enters into 
double decomposition with water and with acids, giving a hydrate in 
the first case, and a potassic salt in the second. 

1st. (k}°) + (Sf 0 ) = 2 (h}°) 

Protoxide of Water. Hydrate of 

potassium. potassium. 

~ (^o) + K c ^}o)^r^}o) + (g}o) 

l*rotoxidc» of Acetic acid. Acetate of Water, 

potassium. potassium. 

The protoxide cf potassium is not utilized, its only intcrost is as 
tho anhydride of a powerful base. 

Hydrate of Potassium (Caustic Potash) (KTTO). — Hydrate of po- 
tassium, better known as caustic potash, is one of tho most powerful 
bases known. Jt. is a white substance, having a bright fracture and 
a burning acrid taste, a urinous smell, and is soapy to the touch. ' 

Potassic hydrate is only dehydrated when fused for a very long 
time and at a high temperature ; and even then tho greater part is 
volatilized without altering. The dehydrated part, which is protoxide 
of potassium, immediately absorbs oxygon from the air, and is trans- 
formed into the tetraoxide of tho metal. 

Hydrate of potassium is very soluble in water, and its solution is 
accompanied by a considorablo disengagement of heat. 

Hydrate of potassium is produced when water is decomposed by 
potassium : 

£} + 2 (S}°) - *(g}°) 

PotaHsium. Water. Potassic 

hydrate. 

But this method of preparation would be very expensive. Caustic, 
potash is obtained in manufactures by decomposing carbomito of potash 
by hydrate of lime. 

$>■) + (°£» - (SW + 

Hydrate of Carbonate of Carbonate of Caustic 

lime. potassium. lime. potash. 

Milk of lime is poured into a boiling dilute solution of carbonate of 
potassium. When the quantity of lime added is sufficient for the 
double decomposition to be complete (which is known when a small 
quantity of the filtered liquor no longer effervesces with acids), it is 
left to settle : tho carbonate of lime is deposited, and the solution of 
potash has then only to bo decanted and evaporated. The evaporation 
should be effected in a silver pan. When all the wator is ovaporated 
the solid mass is molted, and poured into moulds. 

As neither the carbonate of potassium nor tho lime used is pure, tho 
potash contains numerous impurities ; in order to purify it, the potash 
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of commerce is dissolved in alcohol and the solution evaporated. 
The impurities remain dissolved in the water which the alcohol con- 
tained, and form a layer, which cannot mix with the alcohol satu- 
rated with potash, and which theroforo can be easily separated 
from it. 

By means of hydrate of potash a groat number of oxygenized 
salts can bo formed: those we will mention are the carbonates, the 
nitrate, chlorate, hypochlorite, and sulphates of potassium. 

Neutral Carbonate of Potassium ( [ 0*J. — This salt is extracted 

by lixiviating the ashes of vegetables. It may be prepared artificially 
from the sulphate of potassium contained in sea water, by the 
same process as that used to prepare carbonate of sodium : but up to 
the present time, in spite of the advantages of such a proceeding, 
sulphate of potassium has not been extracted from sea water. 

For laboratory purposes, in order to obtain pure carbonate of potas- 
sium, the bitartrate (which is easily obtained pure by crystallization) 
is calcined. This salt, which is of an organic nature, decomposes and 
leaves a residue of carbonate of potassium and carbon (black flux), the 
same as is used in the preparation of potassium. The black flux 
is treated by water, the potassic carbonato it contains is dissolved, the 
solution is filtered to separate the carbon, and evaporated to dryness. 
Instead of the bitartrate, the binoxalato of potassium may be used ; the 
residue is then pure carbonate of potassium, with no traces of char- 
coal. 

Carbonato of potassium is a white salt, very soluble in water, and 
deliquescent. Its reaction on test paper is alkaline. All acids decom- 
pose it with effervescence ; carbonic anhydride is disengaged, and a 
new salt of potassium is formed. 

(CK*O a ) + (SH*0 4 ) « (SK*0 4 ) + (11*0) + (CO*) 

Curbonate of * Sulphuric Sulphate of Water. Carbonic 

potassium. acid. potassium. anhydride. 

We have seen that when a dilute solution of this salt is boiled with 
hydrate of calcium, double decomposition takes place, and carbonate 
of lime and caustic potash are formed. If the solution were concen- 
trated, this reaction would not be produced. In this case, in fact, an 
inverse reaction takes place. Carbonate of calcium boiled with a 
highly-concentrated solution of caustic potash gives hydrate of lime 
and carbonato of potassium. 

(£}«■) + 2 ( 5 }°) - ($» ♦ 

Carbonate of Hydrate of Hydrate of Carbonate of 

lime. potassium. lime. potassium. 

Vapour of water at a high temperature partially transforms the 
carbonate into hydrate of potassium. 



NITRATE OF POTASSIUM. 


207 


(S'*) + (h}°) - *(SI°) + H 

Carbonate of Water. Caustic Carbonic 

potassium. potush. anhydride. 

/CO") \ 

rbo nate of Fo taasi um K O' I. — This salt is deposited in 

\n j / 


Bicarbonate of Potassium I K > u I. — Inis salt is deposited in 

\nj / 

crystals when a current of carbonic anhydride is transmitted through 
a concentrated solution of neutral carbonate : 


t k \ / T7 

i \ / ' 

v /an \ 

( C K*[° a ) + (n 

Jo) + (co* 

I = 2 k M 

\ k ' / \ n 

' / \ 

\hJ / 


Carbonate of 
iHiiustuuin. 


Carbonic 

anhydride. 


Bicarbonate of 
potassium. 


Bicarbonate of potassium crystallizes in right rhombic prisms : 100 
parts of water dissolve 215 *23 parts of it at 1 0\ and 20 *01 at 20°. 
When boiled it loses water and carbonic anhydride, and is converted 
into neutral carbonato : 


2 (TH - (s>°) + H + (w<j 

Bicarlxniute of Wutcr. Carbonic Neutral carbonate 

potassium. anhydride*. of potassium. 

When pure it does not precipitate magnesium salts. It is much 
used in medicine. 

Nitrate of Potassium | O^.— This is a substance of very great 

importance. It is nsed in the preparation of gunpowder, and, besides, 
is much employed in medicine, and in numerous chemical processes. 

This salt is found on the surface of tho soil : in Tern there is a 
natural mixture of nitrate of potassium and sand, from which the 
nitrato is procured by simple lixiviation. In temperate climates 
nature produces less, but the soil contains nitrates of limo and mag- 
nesia. By lixiviating tho materials which contain these nitrates, and 
precipitating the product by carbonate of potassium, potassic nitrate 
is obtained, which crystallizes on evaporating the liquor. 



Nitrate of lime. Curlxmatc of Carbonate of Nitrate of 

potassium. lime. potassium. 


It is, however, preferable to prepare tho nitrate of potassium by de- 
composing tho natural nitrate of sodium procured from Peru, by chlo- 
ride of potassium. For this purpose, equivalent weights of these two 
salts are heated together in a large cauldron containing water ; during 
the boiling, double decomposition takes place, and chloride of sodium 
and nitrate of potassium are formed. 
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Chloride of sodium, boing scarcely more soluble in hot than in cold 
water, the greatest part of this salt is deposited during the boiling, 
and removed ; the nitrate of potassium, on the contrary, which is 
much more soluble in hot than in cold water, remains dissolved. The 
liquor is left to cool, when it ceasos to deposit chloride of sodium, 
and the nitrate of potassium crystallizes. As this salt still contains 
some chloride of sodium, it is washed with a saturated solution of 
nitrate of potassium, which cannot dissolve any moro of this latter 
body, but which takes up the chloride of sodium. In order to obtain 
perfectly pure nitrato of potassium, it must bo crystallized several 
times by dissolving it in boiling water, and then allowing the liquor 
to cool. 

Nitrate of potassium crystallizos in long six-sided prisms, termi- 
nated by hcxahcdral pyramids, which are always anhydrous : it melts 
at 350°, and does not again ciystallizo on regaining the solid state; its 
taste is first fresh and cooling, and then bitter and salt. It is an 
unstable body, easily yields its oxygen to combustible substances, 
and deflagrates when thrown on burning coals : on mixing it with 
powdered charcoal and sulphur, very combustible compounds arc 
produced ; and, as the products of tho combustion of sulphur and 
carbon arc gaseous, these mixtures, when ignited in a limited space, 
give, by the sudden expansion, great power of projection. Such 
mixtures fonn gunpowder. The combustible property of nitrato of 
potassium is often utilized in the laboratory. Nitrato of potassium is 
insoluble in alcohol; 100 parts of water at 0 dissolve 1 ‘25 parts of 
tho salt; at 18 n they dissolve 29 parts, and at 100°, 250 parts. The 
saturated solution contains 315 of tho salt to 100 of water, and boils 
at 116°. 

I Nitrato of potassium is a very powerful diuretic. 

In commerce this salt is known as saltpetre, nitre, and nitrate 
of potash. . 

( CIO® I \ 

£ > O J. — This salt may bo obtained by 

transmitting a current of chlorine through a concentrated solution of 
caustic potash ; three molecules of chlorine and six moleculos of potash 
enter into reaction ; and there are formed three molecules of water, five 
molecules of chloride of potassium, and one molecule of chlorate. 

KS}) + «(fi(‘>)-(r4o) + ^|) + (T|o) 

Chlorine. Caustic Water. Chloride Chlorate of 

potash. of potassium. potassium. 

Potassic chlorate being much less soluble in water than the chloride, 
crystallizes first, and it is perfectly purified by successive cxystalliza- 
tions. 

It may also bo prepared by transmitting chlorine into milk of 
lime, adding chloride of potassium to the liquor, boiling for some time, 
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and then allowing it to cool. The chlorate of potassium is deposited 
in crystals. 

In this reaction, the chlorine acting on the lime, first gives chloride 
of lime (CaOCl*) ; this body on boiling gives chlorate of calcium, 
which enters into double decomposition with the potassic chloride. 

«• »H°g) - + Ml® 

Chloride of Chloride of Chlorate of calcium, 

lime. calcium. 

^MXSg) + s (Sl) * MIS) + K 01 ?} 0 ) 

Clilorate of calcium. Chloride of Chloride of Chlorate of 

potassium. calcium. potassium. 

The chlorate of potassium formed is deposited from the solution 
on cooling. 

Chlorate of potassium crystallizes in transparent anhydrous hex- 
agonal lamina* ; it is insolublo in alcohol ; 100 parts of water dissolve 
fj-03 at 15°, and (30 * 24 at the boiling temperature. It molts at 400°. 
At a still higher temperature it disengages oxygen, and perchlorate 
and chloride of potassium are formed. 

<«>) - (Tfo) + (“) + SI 

Chlorate of Perchlorate Chlorido Oxygen. 

potassium. of potassium. of potassium. 

If still greater heat he applied, the perchlorate of potassium decom- 
poses in its turn ; all the oxygon is disengaged, and there remains only 
chloride of potassium. 

(T}°) - ©I) + *($}) 

Perchlorate Chloride of Oxygon. 

of potassium. potassium. 

The ease with which tho potassic chlorate parts with its oxygen 
makes it veiy combustible ; it fuses on glowing charcoal, and forms 
with combustible substances detonating mixtures. On mixing sulphur 
and chlorate of potassium, pounded separately, a powdor is obtained, 
which detonates when struck with a hammer. 

A mixture of chlorate of potassium, sulphur, and lycopodium (very 
inflammable pulverulent organic mattor), takes fire when a drop of 
sulphuHc acid is added. 

Hypochlorite of Potassium (C1K0). — When, instead of directing a 
current of chlorine through a concentrated solution of hydrate of 
potassium, it is directed through a dilute solution of the same body, 
the reaction no longer takes place between three molecules of chlorine, 
and six of hydrate of potassium, but between one molecule of chlorine 
and two of potash; thus a mixture of potassic chloride and hypo- 
chlorite is formed. 

p 
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Cl 

Cl 


} + 2 (h}°) 


Chlorine. Canatlc 

potash. 


$}) + (kI°) + (S}«) 

Chloride Hypochlorite Water, 

of potassium. of potasalum. 


These two salts cannot be separated from oach other. 

The liquor which holds in solution this mixture of hypochlorite and 
chlorido of potassium is known in the arts as Javelle water, or solution 
of chlorido of potassium. 

Under the influence of the weakest acids, even of carbonic anhydride, 
it parts withtho whole of its chlorine ; and is, therefore, employed as a 
disinfectant and for bleaching. 

gd+(?}°) 

Chloride of TVitawsic 

potastrium. hypochlorite. 

Chloride of potash. 

CST} ^ + («•«) + S} 

Sulphate of Water. Chlorine, 

potassium. 



Sulphuric ncid. 


( g0 8,f ) \ 

K* I ^ 2 J* — ^is sa ^ ma y exi 
tracted from sca-water, but this method is not generally used ; it is 
prepared artificially by treating carbonate of potassium with sulphuric 
acid: tlio sulphate of potassium crystallizes in anhydrous six-sided 
prisms terminating in hcxahedral pyramids ; at a high temperature it 
melts without decomposing ; 100 parts of water dissolve 10’5 at 12°, 
7 at 2 G°, and 3 at 100° ; it is quite insoluble in alcohol. 

Bisulphate of Potassium ^SO 2 " j — This salt may be prepared 


by heating 'the neutral sulphate with half its weight of normal sul- 
phuric acid ; as soon as the fumes of the sulphuric acid cease, it is allowed 
to cool, and the residue is dissolved in water. When this liquid is 
evaporated, colourless prismatic crystals of the bisulphatc of potas- 
sium (so 4 "|£5 ) 

(*>■"{ ol) + (“■"{<$) - j (“-{oh) 


Neutral sulphate 
of potassium. 


Sulphuric acid. 


Bisulphate of 
Iiotusblum. 


As the bisulphate of potassium only decomposes at 600°, it is used 
in analyses for the purpose of acting on certain minerals which escape 
the action of sulphuric acid, on account of its boiling point being much 
lower (325°). 

Bisulphate of potassium loses water by heat, and is transformed into 
disulphate, which, heated still more, leaves sulphuric anhydride, and 
returns to the state of neutral sulphate. 
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«■ 2 ( so ’"{oh) 

Bisulphatc of 

of j»ot;L>bium. 


(II °) + 

Water. 



DisiiIpbaLc of 
potassium. 



l’otiissic Js’ eu l ral sul pliato Sul pi i uric, 

dwulphate. # of potassium. anhydride. 


Monosulphida of Potassium (lv 2 S). — Tlie monosulphide of potas- 
sium is obtained by dividing a solution of hydrate of potassium into 
two equal parts, supersaturating one part by hydrosulplntric acid, and 
then adding the other portion of the solution ; hydrosulphide of potas- 
sium is produced, which on contact with the hydrate of the same 
metal, gives water and monosulpliide. 


lst - (n}°) + (n} s ) ~ (h} s ) + (u}°) 

Hydrate of llydrosulpliuric HydroKUlpliatc AVuter. 

potassium. acid. of potassium. 

2nd - (5}°) + (n| s ) = (f}B) + (n}°) 

v Hydra ta of Hydrosulpliute Sulphide of Wutcr. 

l>otassium. of potassium. potassium. 


The monosulphide of potassium is to the corresponding hydrosul- 
phide, what the oxide of potassium is to caustic potash. 


(K*0) 

Oxide of potassium. 


(KUO) 

Hydrate of potassium. 


(K*S) 

Sulphide of potassium. 


(KILS) 

Uydrosulphidt; of potassium. 


The hydrosiilphide of potassium being a powerful sulplio-base, the 
monosulpliide of this metal is a basic anliy drosu 1 pi 1 id e . 

Characteristics of Potassic Salts. — Those salts are recognized by 
the following characters. 

lst. Alkaline carbonates do not precipitate them. 

2nd. In presence of tartaric acid, their solutions give a bitartrate 
which is slightly solublo in cold water, and which precipitates when 
the liquid is shaken. 

3rd. ITydrofluosilicic and perchloric acids precipitate them ; tho preci- 
pitate formed by the former is gelatinous and assumes a beautiful white 
colour when dried in free air. 

4th. Tho bichloride of platinum causes tho formation of a yellow 
precipitate of double chloride of platinum and potassium. If the 
solution be groatly diluted, a little alcohol must be lidded for the pre- 
cipitate to form. This double chloride decomposes when heated into 
chloride of potassium and spongy metallic platinum. 

5th. Sulphate of potassium is anhydrous; and remains unchanged 
in the air, and the carbonate is deliquescent. 
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SODIUM g;} 

Atomic weight = *23. Probable mole cular weight = 46. 

Sodium so much resembles potassium that to give tho history of one 
is almost to give that of the other. The affinities are of the same 
nature, except that those of sodium aro a little weaker. Like potas- 
sium, it decomposes water at the ordinary temperature ; but the eleva- 
tion of temperature produced being less, tho hydrogen does not 
ignite unless, the water have gum added to it, so that the metal, 
being no longer able to move on its surface, does not lose its heat so 
quickly. 

In physical properties also they much resemble each other. Sodium 
•melts at 90°, has a density equal to 0-972, and is soft at tho ordinary 
temperature. 

The preparation is the same, with the slight difference that tho 
mixture of carbonato of sodium and carbon need not be so intimate as 
that of the carbonate of potassium and carbon. It may be prepared 
directly by mixing the two bodies after they have been pulverized. 

Sodium also combines with bialomie metalloids : with sulphur it 
gives the same compounds as potassium; with oxygen, like this latter 
metal, it gives a protoxide (NVO) and a binoxido (Na*0 2 ); the tetr- 
oxido (Nh*(> 4 ) which would correspond to the tetroxide of potassium 
has not yet been obtained. 

A basic hydrate and numerous salts correspond to the protoxide of 
sodium, as in the case of potassium. 

Of all the sortie compounds, the only ones which require our atten- 
tion arc : the .chloride, hydrate, neutral sulphate and acid sulphate, 
neutral carbonate, bicarbonate and sesqui carbonate, tho nitrate, borate, 
and hypochlorite. 

Chloride of Sodium (Common Salt) (NaCl). — This body can be pre- 
pared artificially by saturating the hydrate or carbonate of sodium by 
hydrochloric acid, or by submitting sodium to tho action of hydro- 
chloric acid or chlorine. But. this is unnecessary; the chloride of 
sodium exists in nature in such very great abundance that, so far from 
its being produced artificially, it is the primitive substance from which 
all the compounds of sodium aro obtained. 

Chloride of sodium crystallizes in cubes which aro grouped in small 
pyramids hollow in the interior. Its crystals do not contain any 
water of crystallization ; when exposed to heat they decrepitate and 
then melt, and are reduced to vapour if the temperature be sufficiently 
elevated. 

Tho density of chloride of sodium is 2-13. One part of this body 
requires 2-79 of water at 13" to dissolve it, and 2*45 at the boiling 
temperature. Its solubility is therefore hardly greater in hot *.lu*n i n 
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cold water. At — 12° a concentrated solution deposits prismatic crystals 
containing two molecules of water whose formula is (NaCI + 2 aq.). 

Pure chloride of sodium is not deliquescent unless the hygrometer 
marks more than 8G°, but the presence of chloride of magnesium gives 
it the property of attracting the moisture of the air much below this 
hygrometric degree. It is used for food under the name of sea or 
kitchen salt. 

Extraction of Chloride of Sodium.— Chloride of sodium exists in 
salt water and in some salt springs, and besides there are considerable 
deposits in the earth known as rock salt mines. The best known are 
those of Wielitzka in Poland and Cardona in Spain, but there are 
other important beds in Sicily and in the republic of New Granada. 
When rock salt is pure, it is extracted by shafts and galleries liko 
other minerals, and it is then pulverized and made fit for sale. When 
it is impure, it is dissolved in the mine by means of fresh water, and 
then purified by crystallization. Whatever may bo the processes used 
to bring the fresh water into the mine, and to remove the salt water, 
this latter must be concentrated for the salt to crystallize ; this con- 
centration takes place in pans disposed so that they lose as little heat 
as possible. During the concentration, the salt is deposited in small 
crystals ; in order to obtain it still purer, the crystallization is disturbed 
by stirring the liquid with a small rod, which at the same time serves 
to extract the salt already deposited. After some time, the pans become 
covered with a layer of double sulphate of potassium and lime, which 
compels the work to be stopped for its removal, because as soon as a 
rather thick layer is formed it prevents the transmission of heat. Sea 
water from which the salt is deposited contains the chlorides of cal- 
cium and magnesium. 

When the salt is extracted from salt springs, tho water must first ho 
concentrated ; it would be too poor, and require too much fuel for its 
concentration by beat to be profitable. This concentration is effected 
by means of what arc called graduation buildings. 

These buildings (fig. 33, p. 214) are only a kind of wall formed of 
bundles of faggots held together by wooden frames. The whole is covered 
with a shed. They are placed on clayed soil surrounded by stonos, 
forming a large basin. Their direction is such that thoy are ex- 
posed at right angles to the wind ordinarily prevailing in the 
countiy. 

A trench which surrounds tho top of each wall allows the water 
pumped up to flow by side openings on to tho bundles of faggots. 
This water descends into tho lower basin, and in passing through 
these bundles presents a large surface for evaporation. After having 
being transmitted thus through five or six successive buildings, tho 
water is generally rich enough to be concentrated in tho pans. 

This concentration is made in the manner described when speaking 
of rock salt. Nevertheless, as here the waters are less pure, the work 
is divided into two operations. 
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In the first (schlotage) tlic liquid is boiled briskly, which produces tho 
separation of a double sulphate of sodium and calcium (schlot), which 
is taken away as it forms. \\ hen tho chloride of sodium commences 
to deposit, the temperature is lowered to prevent the sulphate of 
magnesia crystallizing at tho same time. As the concentration pro- 
ceeds, the mother liquors hocumn charged with different salts, till at 
last the salt which deposits is impure, when the mother liquor is 
thrown away and the operation is recommenced. 



This process may bo improved by adding a certain quantity of lime, 
at tho commencement, to the liquors. Calcium takes the place of 
magnesium, which abounds in these waters in tho state of chloride and 
sulphate, and magnesia hydrate precipitates. The calcium passes to 
the state of chloride and sulphate ; sulphate of sodium is also present, 
with which the chloride of calcium enters into double decomposition, 
tho products being chlorido of sodium and sulphate of lime. 

A double sulphate of sodium and lime (schlot) is deposited during 
the schlotago, and when the formation of salt is commenced, the liquors 
are freed from the salts of magnesia, which would interfere with the 
operation. 

The chloride of sodium may also he extracted from sea water. 

At high tide the water is brought into a large basin of 800 to 1000 
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square metres of surface, and of (30 centimetres to 2 metres in depth. 
It is allowed to remain in the basin until it gets heated and deposits the 
impurities held in suspension. 

The water is then brought by a subterranean canal into a series of 
basins whoso depth is from 25 to 45 centimetres, and the superficial 
area about 400 square metres. These basins communicate with each 
other by small openings, and as the inclination is very slight, the 
water only runs through them extremely si owl}'. 

After leaving this first series of basins, the water passes by a trench 
into a second series of only eight basins, the surfaco of which is 
less extended than that of the preceding series. 

After passing this second series, the water goes into a third formed 
of four basins, the surface of which is as extended as that of the preced- 
ing eight. Here the water is sufficiently concentrated ; small trenches at 
the sides allow it to pass into spaces placed to the right and left whom 
the salt is deposited. 

This salt is placed in a heap formed like a truncated cone, sur- 
mounted by a spherical top. This heap is covered with clay to pro- 
serve it from the rain, while tho mass is maintained in a sufficient state 
ofhumidity to cause tho deliquescent salts, as chloride of magnesium, 
to liquefy and run into tho trenches situated at the lower part of the 
heap. The clilorido of sodium thus obtained is in small greyish 
crystals. In order to purify it and render it white, it must be washed 
with water saturated with sea salt, which dissolves its impurities only. 

The mother liquors from which sea salt is extracted also contain 
other salts. M. Balard has shown that sulphate of potassium may 
also be extracted, but the limits of this work do not permit us to 
describe bis process. The extraction of sulphate of potassium from 
tho mother liquors of saline springs is extensively carried on in 
France. 

Neutral Sulphate of Sodium (Glauber’s Salts) ^»SO a " j — This 

salt; is prepared by heating chloride of sodium with sulphuric acid; 
hydrochloric acid is also produced in this reaction. 

2 (ra() + (“ion) ■ ( 30 iSX) + 2 (!S() 

Clilorido Sulphuric add. Sulphate of Hydrochloric 

of ttudium. sodium. acid. 


Sulphate of sodium is insoluble in alcohol ; 100 parts of water 
dissolve 50*65 at 32\ and do not dissolve more than 42*65 at 10.‘#°. 
Its solubility increases from 0° to 33°, and decreases from 33° as the 
temperature rises; we have already seen (see Solubility) how this 
curious fact may be explained. 

We cun very easily obtain a highly-suporsaturatod solution of this 

salt. 

Sulphate ol sodium is deposited from its aqueous solution in large 
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four-sided prisms, terminated by dihedral summits. These crystals 
contain ten molecules of water of crystallization, their formula is 



It may also bo obtained crystallized with different quantities of 
wator, by varying the temperature at which it is deposited from its 
solution. 

Sulphate of sodium effloresces in the air, giving off water : when 
heated it undergoes, first, aqueous fusion ; then its water of crystalli- 
zation evaporating, the salt again becomes solid. At a much higher 
tomperaturo it undergoes igneous fusion. 

« Sulphate of sodium is employed in medicine as a purgative; in 
) manufactures it is used for the preparation of carbonate of sodium. 

Bisulphate of Sodium ^ SO*" j 4- 2 aq.^. — This salt is prepared 

by moans of neutral sulphate of sodium, like the bisulphate of potassium, 
from the neutral sulphate of that metal. Its properties are the same 
as those of bisulphato of potassium. 

Neutral Carbonate of Sodium ( CO" 


P). — Carbonate of sodium. 


which is the foundation of a great number of sodic compounds, was for- 
merly extracted from the ashes of vegetables that grow on the sea-coast. 
At tho prosent time it is prepared by means of tho sulphate which is 
obtained, as wo have just seen, by means of tho chloride of sodium. 
In ordor to transform the sulphate into carbonate of sodium, the first 
of these salts is heated in oval furnaces, after having been intimately 
mixed with carbonate of lime and coal. Sulphide of sodium is formed 
by tho reaction of the carbon of the coal on the sulphate of sodium. 


(“iSS) + 20 - K 00 ') + (*:}«) 

Sulphate of sodium. Carbon. Carbonic Sulphide of 

anhydride. sodium. 


The sulphido of sodium then reacts on the carbonate of lime, and 
gives a mixture of carbonate of sodium and sulphide of calcium, the 
latter of which is very slightly soluble in wator. 

(£:}*) + C2 :: M - (S'b) ♦ (evs) 

Sulphide of Carbonate of Carbonate of Sulphide 

lime. sodium. of calcium. 

Water is used to dissolve the carbonate of sodium, and separate it 
from the sulphide of caloium ; the water is evaporated, and the alka- 
line salt is eiystallized. According to M. Schenrer-Kestner, who has 
recently studied this question, the definite equation of'the formation of 
carbonate of sodium would be the following : — 
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1st. 

5(Na*S0 4 ) + 100 = 

5(Na*S) + 

10(00*) 


Sulphate of Carbon. 

Sulphide of 

Carbonic 


Bodium. 

sodium. 

anhydride. 

2nd. 

5(Na*S) + 7(CaCO‘) 

= 5(Na*CO») 

+ S(CaS) 


Sulphide Carlxmate 

Carbonate of 

Sulphide 


of sodium. of calcium. 

Bodium. 

of calcium. 


+ 2(CaO) 

+ 2(CO*) 



Lime. 

Carbonic 

anhydride. 



Tho process wo have just described is known as Leblanc’s. 

The carbonate of sodium thus furnished is not puro : in order to render 
it so a concentrated solution is made, which is submitted to the action 
of a current of carbonic gas. The impurities remain dissolved, and 
the greater part of the alkaline salt is deposited in the state of very 

pure bicarbonate, answering to the formula ^CO" | which is pro- 

duced by a reaction analogous to that described when speaking of 
bicarbonate of potassium. 

Bicarbonate of sodium when gently heated loses carbonic anhydride 
and water, and leaves a residuo of very puro neutral carbonate, as the 
following equation shows : — 

2 (°°"{oh) - (n}°) + (“’) + ( ro 1o£) 

Bicarbonate of Wuter. Carbonic, Carbonate of 

sodium. anhydride. sodium. 


Carbonate of sodium is insoluble in alcohol ; 100 parts of water at 
10° dissolve 12-1 of the salt; 51-7 at 38°, and 45-5 at 104°. Tho 
solubility of this salt, like that of sulphate of sodium, augments first, 
and decreases afterwards as the temperature is raised.* 

Carbonate of sodium crystallized at tho ordinary temperature 
contains 10 molecules of water of crystallization ; its formula is 

(CO" {ggj 4- 10 aq.^. It is efflorescent, and when heated, first un- 
dergoes aqueous, and afterwards igneous fusion. 

— Wo have seen how this salt is 

prepared; it exists naturally in the Vichy waters, and is used in 
medicine. 

Seaquicarbonate of Sodium. — Certain lakes in Hungary and Ame- 
rica contain a carbonate of sodium known under the name of natron or 
salt of trona , and which has for formula 


Bicarbonate of Bodium 


(CO" 


C 00 "®)', ( 00 ”{oH ) + 2 ** 

Hydrate of Sodium j ^.—Hydrate of sodium is prepared by 
means of the carbonate, like hydrate of potassium. It is a powerful 
* These numbers are applied to the carbonates Biippoftt-d to be anliydnnw. 



218 


PRINCIPLES OF CHEMISTRY. 


base, having the same properties and the same uses as hydrate of 
potassium. 

Nitrate of Sodium j 0^. — Nitrate of sodium (cubic nitre) is 

formed in considerable beds in Peru. It crystallizes in transparent 
rliomb oliedral prisms ; it has a cooling saline taste, and is somewhat 
deliquescent, which prevents it being powdered; 100 parts of water 
dissolve 23 p. at 10", and 218*5 at 110° ; it is soluble in alcohol, and its 
properties are similar to those of nitrato of potassium. 

It is used in the manufacture of saltpotro and nitric acid. 


O 

B'" \ ONa 

Borate of Sodium JO ► + 10 aq. = (B 4 Na 2 0 7 + 10 aq.) 

™ l ONa 

O 

b'" j o" J y 

Formerly the borax used in Europe was procured from the evapora- 
tion of the water of certain lakes in Asia. It was known as tiucal, 
corresponded t.o the above formula, and was presented under the form 
of prisms. 


Borax is now prepared artificially, when it only conlains five mole- 
cules of waler of crystallization, and crystallizes in octaliedra. 

Melted borax dissolves metallic oxides, and its viscidity causing it to 
act as a varnish, it proserves substances with which it is heated at a 
high temporaturo, from oxidation. It is owing to this that borax pre- 
serves the snrfaco of metals very bright, and thus renders easy the 
soldering of iron with coppor, and gold with certain alloys. 

Bui ax is also used in testing by the blowpijio ; on dissolving metallic 
oxides, it assumes certain characteristic colours. 


The crudo borax or tincal may ho obtained by ropeated crystalliza- 
tions. The following is the mode used to prepare artificial borax : 

In a wooden vat lined with lead, and heated by steam, 1200 kilo- 
grammes of crystallized carbonate of sodium are dissolved in a quantity 
of water, which, added to that arising from the condensation of the 
vapour, has a woiglit of about 2000 kilogrammes. When the solution 
is completed, 1000 kilogrammes of the boracie acid of Tuscany are 
gradually added. A strong effervescence takes place, carbonic anhy- 
dride is disengaged, and borate of sodium is formed. 



Curbonutc of Horudo acid, 

sodium. 



Borate of sodium. Carbonic Water, 

anhydride. 
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When the liquid marks 21° by BaumtS’s areometer, the saturation is 
regarded as complete; it is loft to deposit during twenty-four hours: 
then by means of a low tap the clear liquid is drawn into shallow 
leaden tubs, where crystallization soon takes place : the slower the 
crystallization, the more voluminous are the crystals. They arc in tho 
form of prisms, and contain ten molecules of water of crystallization : 
this large quantity of water which tho prismatic crystals of borax 
contain makes its carriage expensive, therefore octahedral borax is 
preferred, as containing only halt' the quantity of water. In order 
to obtain borax in octahodra, a solution of the salt, is made, mark- 
ing :-J0° or 112° by Baumc’s areometer, and left to crystallize at a 
temperature of from 5(5'* to 70°. 

Borax has been improperly called berate of soda; it. is really not a.> 
sigiplc borate, but, tlie disodic salt of tlie second anhydride of a total- 1 
boracic acid. 


COO 

r-* 

lr ° i 
jo 

; on ... 

O )■ - 2( 0) 

IV"] 011 v “ 1 ' 

IV" 011 

- o 

IV" 011 

O 

1° 

IV" )o J 

iv"] on 

1 OIL J 


Tot.r.iboraciu ucid Water. 2nd tf-truliorucic 

^unknown). anhydride (unknown). 


IV" SO" 1 

0 I 

IV"] OH ! 

0 

B"' j OTI 
IV" jo" . 


2nd anhydride of 
tetrahorucin add 
(unknown). 


+ 


ft* ) 
ft a I 


Sodium. 



Hydrogen. 



Disodic salt 
of the 2nd telrnboracic 
unhydridc (liorax). 


Hyposulphite of Sodium. — When we spoke of tho acids of sulphur, 
we saw that this salt is obtained by boiling neutral sulphite of sodium 
with sulphur, filtering and crystallizing. Tlie neutral sulphite used for 
this purpose may be prepared by dividing a solution of caustic soda 
into two parts, supersaturating one part by a current of anhydrous 
sulphurous acid gas, and then adding the other part. 


1st (S a }°) + ( SQi ) 

Caustic soda. Sulphurous 

anhydride. 

2ml. (S0"{g£‘) + (g*}o) 

Acid sulphite of Caustic soda, 

sodium. 



Acid sulphite of 
sodium. 


(*>”{8xi) + 

Neutral sulphite Water, 

of sodium. 
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The hyposulphite of sodium crystallizes in voluminous crystals; it 
is bitter, and easily dissolves in water, but is insoluble in alcohol. Its 
crystals oontain water of crystallization : under the influence of heat, 
it first undergoes aqueous fusion, then becomes anhydrous, and finally 
is converted into a mixture of sulphate and pentasulphide of sodium. 

*KP:) - < i ' w ) + 3 ( so "ioN , .j 

Hyposulphite of Pentasulphide Sulphate of sodium, 

sodium. of sodium. 

When treated by an acid, the hyposulphito of sodium gives rise to a 
disengagement of sulphurous anhydride and a deposit of sulphur : 

a ( TO ’'Pt) + 2 ( s ° , ”{SE / ) = 2 (»"io^) 

Hyposulphite of sodium. Sulphuric ucid. Sulphate of Bodium. 

+ 2 (SO-j + If + 2(“}o) 

Sulphurous Sulphur. Water, 

anhydride. 

The solution of hyposulphite of sodium dissolves the chloride, bromide, 
and iodide of silver. 

i It is a powerful reducing agent 

Hypochlorite of Sodium (CINaO). — This salt has not been obtained 
in a puro state, but a mixture of chloride of sodium and the hypo- 
chlorite of sodium is prepared by a similar process to that used to 
obtain Javelle’s water. Tbis mixture, which is called chloride of soda, 
or Labaraque’s solution, lias the same propci ties and the same uses as 
Javello s water ; it is used as a disinfectant and for bleaching. 

Characteristics of Sodie Salts.— Sodic Balts are known by the 
following characters : 

1st. Like the salts of potash, their solutions are not precipitated by 
alkaline carbonates. 

2nd. The sulphate crystallizes with water of crystallization, and is 
efflorescent ; it is the same with the carbonate. 

3rd. Bichloride of platinum does not precipitate the salts of soda, 
even in presence of alcohol, notwithstanding Orfila’s assertions to the 
contrary, who must havo operated with impure reagents, or on solu- 
tions oxtromcly concentrated. 

4th. Tho salts of soda aro not precipitated by tartaric, perchloric 
or hydrofluosilicic acids. 

6th. They givo a white crystalline precipitate with the bimetan- 
timoniate of potassium. This reagent ought to he washed before 
being employed, that it may not contain alkali in excess, otherwise 
the precipitate will not form for a long time. 

6th. Periodic acid also gives a precipitate of poriodate of sodium 
(lNaO 4 )*, (Na’O) with the concentrated solutions of salts of soda. 
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LITHIUM, RUBIDIUM, CESIUM. 

These throo metals are of too little importance of themselves to he 
studied in a work like this. We will only say a few words concerning 
tlie analytic method which caused MM. Bunsen and Kirclioff to suspect 
the existence of the two latter, and which guided them in tlio opera- 
tions they devised to isolate these metals. This method has received 
tlio name of spectrum analysis. 

\Yc know that when a luminous my is decomposed by a prism, the 
different, colours of the rainbow are obtained. To those colours united, 
the name of spectrum is given. 

When a volatile metallic compound, a chloride for instance, is placed 
in the flame of a taper, the spectrum of this flame is transformed, and 
different coloured rays are observed. The colour and the disposition 
of the rays produced by a metal being al ways the same, the spectra of 
the different metals have been determined by experiments. Therefore* 
by examining the spectrum which a given substance furnishes, it is 
possible to know the metals it contains. 

M. Bunson and M. Kirchoff having found in tho spectrum furnished 
by the residue of the evaporation of certain mineral waters, rays which 
do not belong to any known metal, suspected the existence of one or 
two new ones, and they were ablo to isolate cesium and rubidium. 

In the experiments which they j>erformed for the separation of these 
bodies the spectrum still served as guide. When they submitted their 
matter to reactions which divided the substances contained in it into 
different groups, the spectrum indicated in which of theso groups the 
body sought for was to be found. 

Rubidium and cesium have properties much resembling those of 
potassium, but they aro more electro-positive than potassium. 


SILVER 

Atomic weight — 108.* Alulmilur weight = 216. 

Silver is found native, hut in too small quantity to be sufficient for the 
amount required. The metal is generally extracted from its sulphide. 

The metallurgic operations which this extraction necessitates arc 
too complicated for us to speak of them in detail. Sulphide of silver 
is transformed into double chloride of silver and sodium, on which 
mercury is made to act. Tho mercury then assumes the state of 
chloride, and liberates silver, with which it forms an amalgam, and 
the silver is extracted from this amalgam by distillation. Sometimes 
the silver is precipitated from its chloride by iron, and the mass is then 
agitated with mercury, in order to produce tho amalgamation. 

* 107*93 according to M. Stas' latest researches. 
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In the first of these processes, which is the American method, the 
amalgamation and the reduction go on together, and the operation is 
conducted in tlic cold ; in the second, which is practised at Freyberg in 
Germany, the amalgamation and the reduction are two separate opera- 
tions, and the chlorination takes place by the aid of heat. 

Silver appears to bo white, though it assumos a yellow colour when a 
ray of light is reflected several times from its suiface. It has a remark- 
able lustre, and, with the exception of gold, is the most malleable of all 
metals; it is also very ductile and has great, tenacity. It fuses at 
about 1000° centigrade. When slowly cooled after melting, it crys- 
tallizes in largo octahedra. It may bo distilled by means or the 
oxy hydrogen blow-pipe ; its vapours assume a green colour. 

Tho density of silver is 10*4743. 

Melted silver absorbs oxygen, which is disengaged as the temperatuie 
is lowered. This is a simple solution of oxygen in the liquid silver, 
and not a combination ; if the silver be slightly alloyed with gold or 
copper, it loses this property. 

Silver is naturally soft, but it acquires hardness when alloyed with 
copper. For this reason, it is combined with small quantities of this 
metal, in the arts, in order to work it with greater case. Tho propor- 
tions of copper which may be added to silver are fixed by law. Jn 
England, the coinage (standard silver) contains 7*5 per cent, of 
copper, in France it contains 10 per cent. 

Silver oxidizes neither in cold nor hot air, but the presence of ozone 
causes it to oxidize. 

Hydrosulphurie acid blackens silver, and in this case a sulphide of 
silver and hydrogen are produced. 



Silver. Hydrosulphurie Hydrogen. Sulphide or 

* ucid. silver. 


Sulphuric acid does not act on silver unless it be concentrated and 
boiling, when sulphurous anhydride and sulphate of silver are pro- 
duced. 


■csw 

Sulphuric ucid. 


Ag\ _ 
Agf ~ 

Silver. 


( SO*" \ 0 A 
V Ag* I ° ) 

Sulphate of 
silver. 


2 ({{}°) + (SO*) 

Water. Sulphurous 

unhydride. 


Nitric acid acts on silver when cold, and still more so when hot, 
jwoducing nitrate of silver and binoxide of nitrogen. 



Nitric acid. Silver. Nitrate of silver. 


+ 4(}|} O) + 2 (NO) 

Water. Binoxide 

of nitrogen. 



CHLORIDE OF SILVER. 


223 


At a rod heat silver decomposes hydrochloric acid, forming chloride 
of silver, and liberating hydrogen : 



Silver. Hydrochloric Hydrogen. Chloride of 

uciri. silver. 


The prolonged contact of silver with a solution of chloride of sodium 
gives rise to the formation of a certain quantity of doublo chloride of 
silver and sodium, which dissolves, and the liquid becomes alkaline. 


Combinations or Silver with Monatomic Metalloids. 


Silver forms a single compound with each of these bodies. The 
chloride, bromide, iodide, and fluoride of silver are known. 

Chloride of Silver. — Chloride of silver is found native crystallized in 
octahedra; as it is insoluble, it may be easily obtained by precipi- 
tating the solution of a salt of silver by hydrochloric acid, or by a 
soluble chlorido. 


- ( 5 !) 

Nitrate of Hydrochloric 

hiivur. acid. 



Chloride Nitric ;u id. 

of (silver. 


The chloride of silver then forms a white floccnlent mass. 

Chloride of silver is absolutely insoluble in pure water. At Kf 
salt water dissolves the Tr ,Voo the weight of the salt it contains, at 
18° i (wjVdJ 100° tvm)°oo» 0° scarcely any. 

Chloride of silver easily dissolves in hyposulphite of sodium, in 
cyanide of potassium, and in ammonia ; hydrochloric acid also dissolves 
it, but in very small quantity. 

On evaporating its ammoniacal or hydrochloric solution, chloride of 
silver crystallizes in octahedra, which are identical with the native 
crystals. 

The chemical rays of the spectrum act strongly on chloride of silver : 
in the direct rays of the sun this salt immediately becomes violet ; in 
diffused light, the colouring is not observed so soon ; in red or yellow 
lights, which do not contain the chemical rays, the chlorido of silver 
remains white, as it also does in darkness. It melts at 2(i0° ; on cool- 
ing it becomes horny, and is so soft as to be cut with a knife : its ap- 
pearance causes it to be called horn silver. At a very high temperature 
it emits vapours. 

Nascent hydrogen reduces the chloride of silver when cold, and free 
hydrogen reduces it when hot ; in the latter case, however, some traces 
of the chloride always escape the reducing action, as M. Lichen has 
ascertained, which causes all tho analytic processes founded on this 
reduction to be incorrect. 

When it is not melted, it is reduced by iron and zinc. If a small 
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heap of moist chloride of silver be made, and an iron bar be placed in 
the centre, the reduction gradually proceeds from the centre to the 
exterior. Mercury also reduces chloride of silver, and the proto- 
cliloride of copper possesses the same property. . 

(Ou*Cl*) + 2(AgCl) = 2(CuCl*) + ^|} 

Protncliloridc Chloride of Bichloride Silver, 

of copper. silver. 

When chloride of silver is boiled with a concentrated solution of 
potash, oxide of silver is formed ; and if sugar be added to the solu- 
tion, silver is obtained in a very pure state. 

Heated to a whito heat with carbonate of potassium and sea salt, 
the chloride of silver is reduced, and furnishes a button of metallic 
silver. The marine salt renders the dross easier to bo separated. 



Chloride of 
silver. 


2 ( 00 *) + + 

Carbonic Oxygon, 

anhydride. 



Carbonate of 
potuftiimn. 



Silver. Chloride of 

potassium. 


Tho metallic sulphides, especially those of the electro-positive 
metals, enter into double decomposition with chloride of silver. 

Bromide of Silver («?}> — Bromide of silver is found in the native 

stato, and may be obtained by the same processes as tho chloride, with 
which nearly all its properties are analogous ; it is distinguished from the 
clilorido by being less soluble in ammonia, and by tbe action light 
exercises on it When prepared in an artificial light it is white, but, if 
exposed to diffused daylight, it immediately becomes yellowish, and 
retains this tint without altering, to whatever intensity of light it may 
afterwards bo exposed. 

It may be obtained crystallized as a solid with twenty-four sides 
derived from tho octahedron, but only by tho action of hydrobromic 
acid on powdered silver ; it does not crystallize by the spontaneous 
evaporation of its solution in ammonia. 

Iodide of Silver ^j. — Iodide of silver is prepared like the chloride 

and bromide, and, like them, exists in the native state ; it is slightly 
soluble in ammonia ; light easily alters it, changing it from tho yellowish 
tint which is its natural colour, first to dark brown, then to black. 

On causing hydriodic acid to act on finely- powdered silver, iodide of 
silver is obtained crystallized in dodecahedral prisms. 
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Combinations of Silver with Biatomic Metalloids. 

With sulphur, silver forms only one sulphide, answering to the 
formula (Ag®S) ; it forms three compounds with oxygon ; the sub- 
oxide (Ag'O), the protoxide (Ag*0), and the binoxide (Ag*0*): of 
these three, the protoxide alone possesses any importance. 

Sulphide of Silver j S — Sulphide of silvor is found native, 

crystallized in the cubic system. It is the principal ore of silver. 
It is obtained artificially by precipitating a salt of silver by hydro- 
sulphuric acid : 



Nitrate of silver. Hydrosulptiuric Nitric acid. Sulphide of 

add. silver. 


Sulphide of silver is black, and when melted or highly heated it 
assumes a metallic appearance. The native sulphide always has this 
latter aspect. Jts density is 7 ■ 2. 

When roasted, the sulphide of silver loses sulphurous anhydride, and 
leaves metallic silver ; roasted with sea salt, it passes to tho stale of 
chloride, as it also docs when loft for some time with bichloride of copper. 


Protoxide of Silver 


(**} O). — This oxide is obtained as a heavy 


brown powder when a salt of silver is precipitated by hydrate of 
sodium or potassium. In this case a hydrate 1 Oj ought to Ikj pro- 


duced ; but this hydrate not being stable, the protoxide is formed. 


«CS}°) + 2 (IJ°) ■ 

Nitrate of silvor. Potassic hydrate. 


*(Vf°) + C4}°) + (Sf°) 

Nitrate of Protoxide Water, 

potassium. of silvor. 

Oxide of silver is easily decomposed into oxygen and metallic silver 
when heated. It is a powerful basic anhydride, and dissolves in acids, 
forming well-defined salts. Water dissolves 7j- 0 Vo» sufficient to decom- 
pose the soluble haloid salts and tho phosphates. 

When oxide of silver is digested with ammonia, a detonating com- 
pound is formed, the formula of which is not definitely fixed, borne 
chemists consider this body (fulminating 'silver) as answering to the 

formula ^11* j N^, others believe that it is a triargentic nitride 

/Ag) \ 
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Nitrate of Silver 0^. — Nitrate of silver is prepared by dissolv- 

ing silver in boiling nitric acid. If the silver employed be pure, so is 
the nitrate ; if the silver contain copper, like money or jewellery, the 
nitrate of silver is mixed with nitrate of copper. The best method of 
purifying it then consists in evaporating it to dryness, and melting the 
residue, taking care to keep it molted for some time. The nitrate of 
copper is decomposed into oxide of copper and volatile products ; and 
if the temperature is not too high, the greatest part of the nitrato of 
silver remains intact : occasionally a small portion of the mass is taken 
out with a rod and dissolved in water, which is filtered, and ammonia 
is added. So long as the reagent produces a blue tint there remains 
some nitrato of copper intact ; when the ammonia no longer acts, the 
decomposition of this salt is oomploto. 

The mass when cold is dissolved in water, filtered to separate the 
oxide of copper, and evaporated to the consistence of a thick syrup ; 
the nitrato of silver crystallizes when the liquid cools. It may 
then be evaporated to drynoss, the salt melted, and poured in layers 
on to porcelain plates, or formed into sticks in small moulds of cast 
iron ; in this latter form it is employed as an escharotic by surgeons, 
and is called lunar caustic. 

Instead of decomposing nitrate of copper in the manner just de- 
scribed, it is more simple to treat, the mixture of the two salts by a 
soluble chlorido, which procipitatcs the silver only in the state of 
chloride. This chlorido is well washed and dried, and then heated to 
white rodness in a crucible, after having been mixed with carbonate of 
potassium and sea salt ; a sediment of very puro silver is extracted 
from the crucible, the latter being broken on cooling. This sediment, 
dissolved in nitric acid, forms very pure nitrato of silver. 

Kit rate of silver crystallizes in beautiful transparent rhomboid 
laminae, especially on evaporating its acid solutions. When melted, it 
appears as a white mass of crystalline structure. 

Ab nitrato of silver is decomposed by heat, giving metallic silver, it 
becomes black after repeated fusions. 

When this salt is poured into sticks there is always some residue, 
which is melted a second, and sometimes a third time ; this residue 
then assumes the colour often observed in lunar caustic. 

The solution of nitrate of silver is decomposed by hydrogen, as it 
would be by a metal such as zinc, nitric acid is formed, and silver is 
deposited. 



Nitrate of silver. Hydrogen, Nitric acid. Sliver. 


Nitrate of silver is decomposed by organic substances under the 
influence bf light. It stains the skin black, and is used for mnrlriiig 
linen and dyeing hair; the stains on the skin disappear if washed 
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immediately with a solution of potassic cyanide. As to the writing on 
linen, said to be indelible, if submitted to the action of chlorine solu- 
tion until it become white, and then washed first with purer water 
and then with solution of ammonia, it will disappear. 

Nitrate of silver is given internally in epilepsy. But invalids who 
take it ought to be kept in the dark, or their skin will become bronzed. 
It is, however, an uncertain remedy. 

Characteristics of Salts of Silver. — The solublo salts of silvor aro 
recognized by the following properties. 

1st. They are always colourless when no elements of a coloured acid 
enter into their composition, and they generally blacken when exposed 
to the light. 

2nd. Hydrochloric acid and the solublo chlorides produco in their 
solutions a white flocculent precipitate of chloride of silver which is 
not acted on by acids, but which dissolves readily in ammonia, cyanide 
of potassium, and hyposulphite of sodium ; this precipitate assumes a 
violet tint when exposed to the light. 

3rd. The soluble phosphates and arsenitos cause in tlio above solu- 
tions the formation of a clear yellow precipitate of phosphato or 
arsonite of silvor, soluble in ammonia and in acid liquids. 

4th. Arseniates produco therein a brick-red precipitate of arseniato 
of silver. 

5tli. Sulphuretted hydrogen forms a black precipitate of sulphide 
of silver, which is insoluble in the hydrosulphate of ammonia, but 
which nitric acid easily transforms into nitrate of silver. 

6th. Fixed alkalies in presence of salts of silver give a brown pre- 
cipitate of oxide of silvor, which, when brought into contact with 
ammonia, becomes black, and acquires explosive properties. 

7th. Soluble iodides transform soluble salts of silver into iodide of 
silver which is precipitated. 

This iodide is yellowish, easily affected by light, almost insoluble in 
ammonia, but easily dissolved in hyposulphite of sodium and in cyanide 
of potassium. Boiling nitric acid slowly decomposes it, forming nitrate 
of silver, and disengaging violet vapours of iodine. 


APPENDIX TO MONATOMIC METALS. 

Ammoniacal Compounds. — We have seen when speaking of 
ammonia that the residue (NH 4 ) (ammonium) can act as a monatomic 
metal ; the compounds of this radicle are numerous ; the most im- 
portant and the only ones we will study are : 

The monosulphide and tlio hydrosulphato of ammonium. 

The chloride of ammonium. 

The sulphate of ammonium. 

The nitrate of ammonium. 

The carbonate of ammonium. 


'i 2 
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Monosulphide and Hydrosulphate of Ammonium. — When two 
volumes of hydrosulphurio acid and four volumes of very dry ammo- 
niacal gas are mixed at a low temperature, a very unstable crystallized 

body is produced, which is the monosulphide of ammonium j S 

If, on the contrary, equal volumes of these two gases be mixed, a 
very volatile yellow product would bo obtained, which is the hydro- 

sulphate of ammonium | S 

These compounds are only employed in aqueous solution : to 
prepare them wo dilute ammonia with water, and supersaturate with 
hydrosulphurio acid ; thus hydrosulphate of ammonium iB formed. 

(S}») + K> - ChW 

Hydrosnlphuric Ammonia. Hydrofmlplialo 

acid. df ammonium. 


If a quantity of ammonia, equal to that used to prepare it, be added 
to this hydrosulphate, it becomes transformed into monosulphide. 


O) ♦ (*=•) - (j8S}«) 

ITydnwulplintc Ammonia. Monosulphide 

of ammonium. of uminonium. 


Those sulphides possess t.ho property of precipitating the greater 
part of metallic solutions, and for this reason they are much used in 
mineral analysis. 

Chloride of Ammonium J ^- — Ammoniacal gas and hydro- 

chloric acid unite in equal volumes to constitute chloride of ammo- 
nium. 


* (Nil') + (*}) 

Ammonia. Ilydrocliloric 

acid. 



Chloride of 
ammonium. 


But the salt is not generally obtained in this way. Formerly it was 
prepared by heating in glass vessels the soot arising from the com- 
bustion of earners dung; the chlorido of ammonium was volatilized, 
and was deposited on the upper parts of the vessels which were cold ; 
it was then extracted by breaking the vessels. 

Chlorido of ammonium is at present prepared by saturating with 
hydrochloric acid the waters condensed in coal-gas works, those which 
arise from the distillation of animal matter and the urine arising from 
night soil. All these matters contain carbonate or hydrosulphate of 
ammonium. 

When hydrochloric acid is too expensive, these waters are treated by 
the sulphate of calcium ; double decomposition takes place, carbonate 
of calcium is precipitated, and sulphate of ammonium remains dissolved. 
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The solution of this new salt is decanted, concentrated to 19° or 20° 
(Baume), chloride of sodium is added, and it is boiled ; a second decom- 
position is produced : sulphate of sodium and chloride of ammonium are 
formed, and the greater part of the sulphate is deposited during tlu* boil- 
ing. When this salt ceases to be deposited, the solution is allowed to 
cool ; and, as then the solubility of the chloride of ammonium decreases, 
while that of tlio sulphate of sodium augments up to 33°, tho clilorido 
of ammonium is alone deposited. 

Tho salt thus obtained is then sublimed and made ready for sale. 
Tho chloride of ammonium, known in commerce as sal-ammoniac, 
crystallizes in small octahedra, which arc entangled together, so as to 
resemble flexible needles. 

When heated it volatilizes without melting, unless it be submitted 
to a pressure greater than that of the atmosphere. Alcohol dissolves 
it very sparingly, blit it dissolves in about its own weight of boiling 
water, and in 2-7 parts of cold water, of which it lowers the tempera- 
ture in dissolving. 

Alkaline oxides and alkalino earths decompose the chloride of 
ammonium, ammonia is disengaged, and a metallic chloride is formed : 

2 Ccw) + ( (V '°) = + (Nn») 

Clilorido of Oxide of Chloride of Ammonia, 

ammonium. calcium. calcium. 


Sulphate of Ammonium ^ SO*" | ON1L* ^ iavo Kecn how 

this salt, is manufactured on a large scale : it is purified by gentlo 
roasting to destroy the organic matters with which it is mixed, and re- 
crystallizing. Tho sulphate of ammonium is presented in colourless 
crystals, which are isomorphoiis with those of sulphate of potassium ; it 
dissolves in two parts of cold or one of boiling water; it. resists a 
temperature of 180° without decomposing ; but, if heated suflieiently, 
it is entirely transformed into volatile products: sulphate of ammo- 
nium, boing the cheapest of the ammonia cal salts, promises to become 
important in agriculture as a source of nitrogen. 

Carbonates of Ammonium. — Carbonate of ammonium is obtained by 
heating in a cast-iron retort a mixture of chalk (carbonate of lime) 
and sulphate of ammonium ; tho carbonate of ammonium, which is 
volatile, becomes condensed in the cold parts of the apparatus. It 
presents the appearance of a white translucent mass with a fibrous 
texture ; it has a fresh ammouiacal odour, and presents an alkaline 
reaction. 

A solution of this salt supersaturated with carbonic anhydride de- 
posits crystals of bicarbonate, which are not affected by air, and which 


have for formula 



if, instead of treating the solution of the 


carbonate of ammonium of 
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commerce by concentrated carbonic anhydride, it be saturated by concen- 
trated ammonia, the liquor deposits crystals of volatile sesquicarbonate 
of ammonia. These crystals answer to the formula ((C0*)*(NH 4 ) 4 H*0® ). 
As it is difficult to conceive how such a molecule can be constituted, 
there is reason to believe that the sesquicarbonate of ammonia is not a 
real atomic compound, but that it is formed by the union of two molo- 
ouleB of bicarbonate of ammonium with one of neutral carbonate. 


((Miynwco-/j . 2 Os} 0 *) + (<*$>• J 01 ) 

Sesquicarbonate of Bicarbonate of Neutral carbonate 

ammonium. ammonium. of ammonium. 


The neutral carbonate of ammonium is not known in a free state. 

The carbonate of commerce appears to be constituted by a mixture of 
bicarbonate and sesquicarbonate, or rather by a mixture of acid and 
neutral carbonates, containing more of the acid carbonate than the salt 
known as tho sesquicarbonate. 


Nitrate of Ammonium 



— This salt is obtained by satu- 


rating ammonia or carbonate of ammonium by nitric acid, and slowly 
evaporating the solution. 

Nitrate of ammonium crystallizes in hexagonal prisms similar to 
those of saltpetre, and containing 1 2 atoms of water of crystallization. 
This salt has a bitter acrid taste ; boiling water dissolves its own weight, 
and cold water about half its weight.; on dissolving in water it lowers 
the temperature considerably ; alcohol does not dissolve it. 

When submitted to tho action of heat, nitrate of ammonium is decom- 
posed into water and protoxide of nitrogen : 


m - *(?}o) + gw 

Nitrate of Water. Protoxide of 

ammonium. nitrogen. 


Nitrate of ammonium is contained in rain-water. 

Characteristics of Ammonical Salts. — These salts are recognized by 
tho property they possess of disengaging ammonia under the influence 
of bases. To show this property, a fragment of potash is thrown into 
a tube closed at one end, and a little of the salt to be examined, and 
a few drops of water arc added ; in the uppor part of the tube, moist 
red litmus paper is placed and the tube is heated ; if it be a salt of 
ammonium, ammoniacal vapour is at onco disengaged and turns the 
litmus paper blue. Even when tho salt is in small quantity, the smell 
of ammonia is distinctly perceptible. 
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Being monatomic, the metals of this group can only form a limited 
number of compounds, and these are sometimes instable, as we have 


seen is the case with hydrate of silver 



Besides those combinations which obey the laws of atomicity, other 
compounds aro known which seem to form exceptions to those laws, 
such as the double chloride of silver and sodium (AgCl,NaCl), in which 
the silver is combined witli three atoms, which aro monatomic, like 
itself. 

A few years ago, M. Cannizzaro enunciated tho idea that such bodies 
are simply formed by the juxtaposition of two different molecules ; that 
they resemble rather those into which water of crytallization enters 
than true atomic compounds. M. Kekule, who has recently recurred to 
this idea, has proposed calling these bodies molecular combinations. 

MM. Kekule and Cannizzaro's ideas may bo correct, but we have 
seen that the existence of double chlorides, bromides, and iodides, may 
be accounted for by admitting that halogen metalloids aro triatomic, 
and that they act in these bodies with their maximum capacity for satu- 
ration. The double chloride of silver and potassium would bo, accord- 


ing to this hypothesis, | Cl 8 ^, and its constitution would ho what 
tho following symbolic design shows : 


Cl K 


o~r 

GU CC 

Aa 


i") m 
1-iZU 


Cl 


SECOND CLASS (BIATOM1C METALS). 


CALCIUM Ca". 

Atomic weight = 40. J*rubublc molecular weight = 40. 

Davy obtained calcium by decomposing lime by tho galvanic battery 
in presence of mercury, and displacing by heat the mercury of the 
amalgam thus produced. More recently, M. Caron isolated this metal 
by decomposing the chloride of calcium by sodium in presence of zinc 
at a high temperature. The metal is obtained alloyed with zinc, from 
which it is separated by submitting the alloy to the action of a very 
strong heat in a crucible of charcoal. Tho calcium thus prepared 
always contains a little iron ; it is of a brass-vellow colour. 

The density of calcium is 1*5778. This metal is not sensibly vola- 
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tile. It oxidizes and becomes hydrated in moist air : after a certain 
time it is entirely transformed into slaked lime. It can be preserved 
in a vessel fall of dry air, but becomes covered with a groyish coating 
which deprives it of its metallic lustre. It burns with difficulty in the 
flame of the blowpipe on account of the layer of oxide which imme- 
diately forms, and which preserves it from further oxidation. 

Calcium is biatomic, and is therefore capable of uniting with two 
atoms of a monatomic element or with two residues of the same atomi- 
city. 

Combined with chlorine, bromine, iodine, or fluorino, we obtain the 
chlorido (TV' Cl*), the bromide (CV'J3r*), the iodide (Ca"I*), and the 
fluoride (CV'Fl 2 ) ; united with hydroxyl, the hydrate of calcium or 

slaked lime is obtained ^Ca" j 

The two affinities of calcium may also be saturated by the two 
affinities of a biatomic metalloid, such as oxygen or sulphur, as in the 
anhydrous oxide (CaO) and the monosulphide (OaS) 

Calcium and oxygen both being biatomic, may be saturated incom- 
pletely, and give the biatomic group CaO", as the following figure 
indicates 

a 

( • “ r ) a 

c crzjL) 

b 

in which a represents one atom of calcium and b one atom of oxygen. 
We sec that one of the two centres of attraction of the calcium is satu- 
rated hy one of tho centres of attraction of the oxygen, and that the 
group contains in e and d two non-saturaied centres of attraction. I 
will give the radicle (CaO) the name of calcyl. 

Tho oxide of calcyl (CaO,0), obtained by the action of oxygenized 
water on lime, and tho bichlorido of calcyl (CaO, Cl*), obtained by the 
action of chlorine on the same body, are known. 

These calcylic compounds are remarkably instable : all bodies having 
a tendency either to combine directly with oxide of calcium or to enter 
into double decomposition with it, liberate the element originally com- 
bined with this oxide. Thus on causing acids to act on binoxide of 
calcium, or on the chloride of calcyl, oxygon or chlorine is liberated, 
and a salt of lime is formed. In hygiene, this property of tho chloride 
of calcyl (chloride of limo) is utilized to procure a constant and slow 
disengagement of chlorine. This compound is left in contaot with the 

air, tho carbonic anhydride seizes the oxide of calcium in order to 

form oarhonate of calcium, and chlorine is disengaged : 

CcSI) + (“■) - (SEW + §} 

Chloride I4T33P' Carbonic Carbonate of Chlorine, 

of calcyl. anhydride. calcium. 

Before the biatomicity of calcium was known, chloride of lime was 
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considered as a mixture of chloride and hypochlorite of calcium, 
which was written (CaCl+CaCIO), attributing tho atomic weight 
20 to calcium. 

At present it is more simple to consider this body as merely a chloride 
of calcyl; it is nevertheless possible that it is really formed of a mix- 
ture of chloride and hypochlorite of calcium, .and that its formula ought 

to be written j O 2 ^. 

Instead of calcyl (CaO), it is possible to have sulphocaleyl (CaS”), 
and even radicles still more sulphuretted ; thus the existence of bisul- 
phide of calcium (( -a"S 2 ) = (CaS"S) is explained as well as that of the 
pontasulphido of the same metal (OaS^'S). 

Among the compounds formed by calcium, the most important arc 
the oxide of calcium or lime, the chloride, the carbonate, tho sulphate, 
and the phosphates of calcium. 

Chloride of Calcium (fV'Ol*). — This Ixwly is obtained by dissolving 
white marblo in pure hydrochloric acid, evaporating the liquid to dry- 
ness, molting the residue in a crucible, and pouring it on to a marblo 
slab. As soon as the chloride of calcium is solidified, it is powdered 
and placed in bottles while st ill hot, that it may nut become moist. Tho 
chloride of calcium then appears in white Layers. 

If tho solution of this salt be evaporated to dryness, and tho salt 
be dried without melting, it will assume a spongy appearance. 

If again a solution of chloride of calcium, concentrated by heat, be 
left to cool, the salt would crystallize in six-sided prisms terminal ed 
by pyramids with six faces ; these crystals are hydrates, and their 

formula is ^ Ca" j + (J aq.^. 

Chloride of calcium is anhydrous when melted or simply dried ; it 
dissolves in water, disengaging a large quantity of heat, and is very 
deliquescent. It is used to dry gasos as well as liquids in which Jt 
does not dissolve. Tho spongy chloride is preferred fur gases, and 
melted chloride for liquids. 

Carbonate of Calcium. — This substance abounds in nature, where it 
exists either crystallized or amorphous, and in very variable degrees of 
aggregation. Marble, Aragonite, Iceland spar, chalk, limestone, calca- 
reous marl, oolite, etc., arc all constituted of carbonate of lime. 

Carbonate of calcium decomposes before melting, unless the carbonic 
anhydride bo prevented from being disengaged ; in this latter case it 
melts, and crystallizes on cooling : the substance which is formed is iden- 
tical with marble, and may even be veined by adding different oxides. 

Carbonate of calcium is white and is almost insoluble in pure water. 
According to M. Peligot, this liquid would dissolve grm. 0*02 per litre. 
It dissolves in water charged with carbonic anhydride, and then 
passes to the state of bicarbonate. On boiling this solution, the 
neutral carbonate is precipitated and carbonic anhydride is disengaged. 
This property explains why certain waters produce calcareous in- 
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crustations, and the stalagmites and stalactites so often met with in 
caverns, etc., etc. 

Carbonate of calcium is bimorphous. Iceland spar and Aragonite re- 
present two varieties of this body crystallized in two different systems. 

On causing different acids to act on carbonate of calcium, a calcic 
salt is obtained corresponding to tho acid used, and carbonic anhydride 
is disengaged. 

Oxide of Calcium (Lime ). — Lime is prepared by calcining the carbo- 
nate to full redness. 

(«:}«■) -(<») + (<«>) 

Curlwnate of Carbonic .Lime, 

calcium. anhydride. 

In presence of water, limo swells up and crumbles, disengaging a 
great amount of heat ; it is then transfonned into hydrate of calcium 

ip !- OM. Under the influence of red heat, this hydrate loses a 

molecule of water and returns to the state of anhydrous lime (Ca"0). 
This hydrate of calcium is called slaked lime. 

Lime is white and infusible at the highest temperatures ; water dis- 
solves it sparingly, and its solubility is less in hot than in cold water : 
1 part of limo requires for its solution 778 parts of water at 15°, and 
1270 parts at 100°. 

A solution of sugar dissolves a great quantity of lime ; if alcohol be 
added to tho solution, a compound of limo and sugar is deposited. Tho 
solution of saccharate of limo is also coagulated by heat. 

It is generally supposed that limo heated to dull redness favours the 
decomposition of ammoniacal gas; but M. Bouis has discovered that 
there is no foundation for this assertion. 

Lime exposed to air is transformed into a very hard carbonate. 
When mixed with siliceous matters, such as quartz sand, and oven with 
matter that is not siliceous, such as dolomite (double carbonate of limo 
and magnesia), it forms mortars. 

Lime containing clay (silicato of alumina) hardens under water. It 
is Buch mixtures that constitute hydraulic limes and cements. These 
latter contain more of the clay than the hydraulic limes. When, with- 
out containing clay, lime contains foreign substances, such as magnesia, 
it no longer swells so readily in presence of water, and it is then called 
poor lime, in contradistinction to the purest limo of commerce, which iB 
called rich or strong limo. 

In the laboratory, pure lime is obtained by decomposing pure calca- 
reous bodies, such as white statuary marble, by heat. Nevertheless, it 
is generally necessary to submit tho lime thus prepared to washing in 
distilled water, in order to free it from a small quantity of chloride. 

Phosphates of Calcium. — Three phosphates of calcium are known : — 
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A neutral phosphato . 


An acid phosphate 


And a biacid phosphato 





> 


Neutral Phosphate. — This phosphate, improperly known as basic 
phosphate, forms the basis of the bones of vertebrate animals ; it is 
there united with carbonato of calcium and organic matter. Layers of 
this salt are found in nature ; it may bo obtained artificially by pouring 
a mixturo of alkaline phosphate and ammonia into chloride of calcium, 
washing and drying the precipitate which forms. 

Neutral phosphate of calcium is insoluble in water, but it dissolves by 
the assistance of carbonic anhydride therein contained. Its prcsenco 
in vegetables has been attempted to be thus explained: according 
to M. Paul Thenard, on tho contrary, vegetables absorb phosphato 
of ammonia and soluble salts of calcium, which thon give phosphate of 
calcium by double decomposition. 

All acids cause it to pass to the state of acid phosphate. 

When boiled with a solution of carbonato of sodium, it gives 
carbonate of calcium and phosphato of sodium. 

((P0'") 2 Ca 3 O«) + 3(CNa*0 a ) = 2[PO"'(NaO) 8 ] + 3(COiO” 

Neutral phosphate Carbonate of Thospliute of Carlmiuite of 

of calcium. sodium. sodium. culcium. 

Acid Phosphate of Calcium ((P0"') 2 Ca 2 IP0 8 +4 aq). — This salt is 
obtained by precipitating a solution of phosphate of sodium by a solution 
of chloride of calcium. It is improperly called neutral phosphate. 

Biacid Phosphate of Calcium ((PO'") 2 Ca"II 4 O a ).— This salt is ob- 
tained by treating tho neutral phosphate by sulphuric acid, and adding 
water, which dissolves the acid phosphate and loaves the sulphate of 
calcium formed in the reaction. 
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Neutral phosphate of lime. Sulphnric acid. 



Biacid'phospliute of lime. 


2 ( so *"{o} Ca ") 

Sulphate of lime. 


This sail, is generally designated as acid phosphate, and is used in 
the preparation of phosphorus. 

Sulphate of Calcium.*— Hydrated sulphate of calcium answering to 

/ m y&n » \ 

the formula r |0 a +2aq.JiH found in nature, and is known as 

gypsum ; and also the anhydrous sulphate known in mineralogy 
under the name of the anhydrite. The latter is not used. 

The hydrated sulphate is often found in transparent crystals, 
which arc lance-shaped and cleave easily. It is very sparingly soluble 
in water, and its solubility does not vary with the temperature. Its 
density is 2*31. 

When heated, gypsum loses its water of crystallization. If it has not 
been too strongly calcined, it may be again reformed by making it into 
a paste, which soon hardens. This constitutes plaster of Haris. When 
too strongly heated, it becomes, like the anhydrite, incapable of com- 
bining with water, and consequently no longer useful. When heated 
with reducing bodies such as carbon, the sulphate loses its oxygen 
and leaves a residue of sulphide of calcium. 

(?V'I°‘) + 20 - 2 ( c ° l ) + ( Ca " s ) 

Sulphate of Carbon. Carbonic Sulphide 

lime. anhydride. of culclum. 

Distinctive Characteristics of Calcic Salts. — These salts may be 
recognized by tbo following characters : 

1st. Alkaline carbonates precipitate them, and the precipitate, which 
is carbonate 1 of calcium, is dissolved in a sufficient quantity of water by 
tlie assistance of a current of carbonic gas, but is again deposited on 
boiling. 

2nd. Soluble sulphates and sulphuric acid precipitate them white, 
but as tho sulphate of calcium dissolves in 500 parts of water, the preci- 
pitate is not obtained in very dilute solutions ; in this case, however, 
the addition of alcohol to the liquid causes tho precipitate to appear. 

3rd. Oxalic acid and soluble oxalates produce a granular precipitate 
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of oxalato of calcium which is insolublo in water, acetic acid, or the 
aqueous solution of hydrochlorate of ammonia, but soluble in diluted 
nitric and hydrochloric acids. 

4th. Hydrofluosilicic acid does not disturb the solution of salts of 
lime. 

5th. Chloride and nitrate of calcium are very soluble in alcohol. 


STRONTIUM St". BARIUM Ba". 

Atomic weight of strontium = *7*5 Atomic weight of barium = 137. 

Probable molecular weight =87*5 Probable molecular weight = 137. 

Barium and strontium aro metals presenting such great analogies 
that we may consider them together. 

These metals may bo prepared by means of the galvanic battery, by 
a process similar to that described for the preparation of calcium. 
Barium has also been obtained by the action of sodium on the oxide of 
barium heated to redness. 

Barium lias a density of 4 or 5, and strontium 2*5. The first of 
these metals is silver white, and the second yellow in colour: neither 
have sufficient, volatility to enable them to be distilled. 

Barium and strontium act like calcium in their combinations. They 
are biatomic, and in consequence combine with one atom «>f oxygen 
or sulphur, or with two monatomic atoms. Thus we know : 

The protoxide of barium or baryta (Ba"0), and the protoxide of 
strontium or strontia (St"0) ; 

The monosulphides of barium and strontium (Ba'\S) and (Sf \S) ; 

The chlorides of barium and strontium (IWV1 B ) and (»St"(T), etc. 

Besides an atom of one of these metals being capable of uniting with 
another biatomic atom, forming a group of the same atomicity as itself, 
we can also have oxides and sulphides of barium and strontium with 
several atoms of oxygen or sulphur, oxychlorides, etc. Of these 
compounds the only ones known arc the binoxide of barium (B»iO*), 
which is obtained by heating the protoxide to dull redness in a 
current of air; the binoxide of strontium (StO*), which is prepared 
by causing oxygenized water to act on the protoxide ; and the oxy- 
chlorides (BaOCl*) and (StOOl 2 ), which, according to the nomencla- 
ture already adopted by us for the analogous compounds of calcium, 
we will call chloride of barytyl and chloride of strontyl. 

Finally, barium and strontium may combine with two atomN of 
hydroxyl, and give the hydrates 

MSS) «■* ( s ‘"1«h) 

These hydrates are formed by the direct action of water on the corns- 
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sponding anhydrous oxides, but wo cannot reform theso anhydrous 
oxides by calcination. When submitted to the action of chlorine they 
lose water, and give the oxychlorides of which wo have just spoken. 

The principal minerals containing barium and strontium are their 
sulphates. All their other compounds may be prepared from these 
salts by the following process : 

The sulphate is calcined with charcoal, which reduces it to the state 
of sulphide : 

(SBa"0 4 ) + 2C = 2(00*) + (Ba"S) 

Sulphate of Carbon. Carbonic Sulphide of 

buriutn. anhydride. barium. 

This sulphide is then treated with nitric acid, and a nitrate is pro- 
duced. The nitrate, when calcined in a porcelain capsule, leaves anhy- 
drous baryta or strontia (anhydrous oxide of barium or strontium). 
Jn presence of water baryta and strontia pass to the state of hydrates. 
These react with the various acids, forming all the known salts of 
the two metals. 

The aqueous solutions of sulphide of barium or strontium may bo 
precipitated by an alkaline carbonate. Thus an insoluble carbonate 
is formed, from which all the other salts may bo prepared, simply by 
treating it with the different acids. 

Distinctive Characteristics of SaltB of Barium and Strontium. — 
The salts of barium and strontium may be recognized by tho following 
characters : 

1st. They are precipitated by carbonate of ammonium, which enables 
them to bo distinguished from alkalino and magnesian salts, but not 
from salts of calcinm. 

2nd. Very dilute solutions of sulphuric acid or soluble sulphates, and 
oven the solution of sulphate of calcium, precipitate these salts. This 
property distinguishes them from the salts of calcium, which are not 
disturbed by the solution of the latter of these reagents. 

3rd. The salts of barium and strontium are distinguished from one 
another by their reactions with hydrofluosilicic acid and the dilute 
solution of chromate of potassium, which only precipitate the salts of 
barium. Chloride of strontium is soluble in absolute alcohol, in 
which tho chloride of barium is quite insoluble. 


MAGNESIUM Mg". 

Atomic weight = 24. Probable molecular weight = 24. 

Mossrs. Deville and Caron have obtained magnesium by the follow- 
ing process : 

A mixture is made of 

Anhydrous chloride of magnesium .... 6 parts 

Sodium in fragments 1 „ 

Fluoride of calcium 1 „ 

Chloride of potassium . . 1 „ 
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This mixture is thrown into a red-hot crucible, and instantly 
covered. When the fusion is complete the mass is stirred. After 
cooling, the crucible is broken, and globules of magnesium aro found, 
which are agglomerated by a fresh fusion. The sodium displaces the 
magnesium in this process. Tho chloride of potassium produces a 
double chloride which can be more easily acted on than simple chlo- 
ride of magnesium; the fluoride of calcium merely facilitates tho 
inciting. 

The density of magnosium is 1*743. This metal melts at a moderato 
heat, and may be distilled like zinc. Its vapour burns in air with 
great brilliancy, which is increased when tho combustion takes place 
in oxygen. 

Bure magnesium presents the whiteness and lustre of silver; it is 
not acted on by dry air, but moist air tarnishes it immediately. It 
easily dissolves in dilute acids, disengaging hj’drogcn, and can even 
decompose water when cold, but this latter decomposition is very slow. 

Magnesium bums in chlorine and in the vapours of bromine, iodine, 
and sulphur. It is biatomic, and gives compounds of the same nature 
as barium, strontium, and calcium. 


Chloride of magnesium . 
Bromide of magnesium . 

Iodide of magnesium 
Fluoride of magnesium . 
Anhydrous oxide of magnesium . 
Binoxide of magnosium . 

Hydrate of magnesium 


. . MgCl 8 

. . MgHr*. 

. . Mg I*. 

. . MgIT. 


MgO. 
v/ I OH 


Mg" 


ion 


and different oxy -salts arising from tho substitution of magnesium for 
the basic hydrogen of acids, aro known. 

The chloride, oxide, hydrate, and, among the oxygenated salts, tho 
carbonate and sulphate, are the only important compounds of magno- 
sium. 

Chloride of Magnesium (Mg"01*). — When tho oxide or hydraio of 
magnesium is dissolved in hydrochloric acid, water and chloride of 
magnesium are formed : 

(Mg-O) + 2(g}) . (g}o) + (Mg"{g) 

Oxide of Hydrochloric Water. Chloride of 

magnesium. acid. magnesium. 

But when the solution is evaporated an inverse reaction is produced, 
the water and the chloride of magnesium mutually decompose, hydro- 
chloric acid is disengaged, and a residue of magnosic oxide remains. 

In order to obtain anhydrous chloride of magnesium, chloride of 
ammonium is added to the solution of this salt, and a double chloride 
of magnesium and ammonium, which can bo evaporated without de- 
composing, is formed ; when the evaporation is completed, tho tempera- 
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ture is raised sufficiently to volatilize the chloride of ammonium, and at 
length beautiful white micaceous laminae of chloride of magnesium 
remain. 

The decomposition of chloride of magnesium under the influence of 
boiling water is the chief fact to bo noticed in the history of this salt. 
If ever the sulphate of sodium contained in saline waters were extracted, 
it would no longer bo nccessaiy to prepare this body, hydrochloric acid 
would cease to be an accessory product, and would become much 
dearer. The decomposition of chloride of magnesium by boiling water 
could then be used for its preparation. The waters of salt marshes, in 
fact, contain considerable quantities of chloride of magnesium, and by 
their distillation lydrochloric acid can be cheaply obtained. 

Tho presence of chloride of magnesium in almost all waters is the 
reason that distilled water has always a slight acid reaction, unless a 
little lime be added in*tho retort. 

Oxide of Magnesium (MgO). — Anhydrous oxido of magnesium is 
obtained by calcining tlie hydrate, the carbonate, or the nitrate of this 
metal. It is ordinarily prepared from tho carbonate : when a denser 
product is desired to be obtained the nitrate is used. 

The oxido prepared by means of tho carbonate is very light ; in phar- 
macy it is called calcined magnesia. 

Oxide of magnesium is a while body, infusiblo at tho highest known 

temperature, and soluble in the proportion of -^ ^qq ; it easily dis- 
solves in acids, forming well-characterized salts ; it is a basic anhydride. 
Calcined magnesia is used in medicine to relieve acidity of the 
stomach, and as an antidote in poisoning by arsenic. 

Hydrate of Magnesium j 0*^. — This is generally prepared 
by precipitating a salt of magnesia by potash or soda, 

GPW + <5}°) - (TM + (srw 

Sulphate of l’otash. Sulphate of Hydrate of 

magnesium. potassium. magnesium. 


collecting and well washing the precipitate. Calcined magnesia may 
also be mixed with wator, and, if the calcination has not been too 
strong, the oxido and water combine directly. 

W°) + (g}o) * Oh-W 

Oxide of Water. Hydrate of 

magnesium. magnesium. 


This hydrate is found native in crystals, but these crystals have not 
been produced artificially. 

Hydrate of magnesium is a base which enters into double decompo- 
sition with acids and their anhydrides ; when it is amorphous k 
directly attracts the carbonic anhydride of the air. 


Sulphate of Magnesium ^ 3 ^" J o* + 7 aq^. — Sulphate of magnesium 
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is generally prepared from dolomite, which is the double carbonate 
of calcium and magnesium ; it abounds in nature, and is the princi- 
pal source of magnesian compounds. The mineral is treated by sul- 
phuric acid, carbonic anhydride is disongagod, and the sulphates of 
calcium and magnesium are formed. The hitter of theso sulphates 
being very soluble, while the first is scarcely so at all, they can be 
easily separated by crystallization. 

Sulphate of magnesium can also bo extracted from sea-water and 
from cortain mineral waters ; it is colourless, and has a bitter and very 
disagreeable taste. It dissolves in 3*05 parts of water at 14°, and 
1*38 at 07°. If crystallized from its aqueous solution at the ordinary 
temperature it assumes the form of small elongated prisms which con- 
tain 7 molecules of water. It may also bo obtained crystallized with 
1, 2, 5, 0 ... . 12 molecules of water by varying tlio conditions of 
the experiment. At 0°, for instance, it crystallizes with 12 of 
water. 

Sulphato of magnesium forms with alkaline sulphates double sul- 
phates, which crystallizo with six molecules of water. The double 
salt of magnesium and potassium answers to the formula : 

®r}». T}° , + 0 “i-) 


Sulphate of magnesium is used in medicine as a purgative : the doso 
is from half an ounce to an ounce. 

It has been proved that sulphate of magnesium is formed when water 
saturated with sulphate of calcium is tillered through carbonate of mag- 
nesium ; this fact explains the formation of the magnesian sulphates 
contained in mineral waters. In all probability, this salt is produced 
by the passage of water saturated by sulphate of calcium through 
dolomite earths. 

Carbonate of Magnesium. — AV hen the solution of sulphate of mag- 
nesium is precipitated by an alkaline carbonate, carbonic anhydride is 
disengaged and a precipitate is obtained, which, when washed, dried, 
and formed into cubes, is sold by chemists as white magnesia — magnesia 
alba. This body is a tctiamagnesic tricarbonato answering to the 
formula : 


((C0)*Mg‘0 7 + 4aq.) 
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Tho following equation explains the formation of this compound : 

«G8r}«-) + ‘(W + «(n}°) - 

Sulphate qf Carbonate of Water, 

magnesium. potassium. 

4 ( S K*"f ° ! ) + ((CO") 8 Mg' ,4 0 7 + 4 aq.) + CO* 

Sulphate of Magnesia alba. Carbonic 

jKjkiHgium. anhydride. 

Magnesia alba lias no taste, though it is slightly soluble ; it dis- 
solves in acids, giving salts of magnesium, carbonic anhydride being 
disengaged. 

When white magnesia is suspended in water, and a current of car- 
bonic anhydride gas is transmitted through the liquid, bicarbonate of 
magnesium, which dissolves, is formed. The solution of this salt, 
evaporated in a current of carbonic anhydride, leaves anhydrous 

/CO" 1 \ 

neutral carbonate of magnesium ( ]/[„” f 0 / : spontaneous evapo- 

ration, tlic same solution deposits hydrated neutral carbonate; if 
tho evaporation take place at the ordinary temperature, tho crystals 
formed contain 3 aq. ; they contain 5 aq. when the evaporation takes 
place at a low temperature : tho latter crystals are efflorescent. 

Reactions of Salts of Magnesia. — Soluble salts of magnesia aro recog- 
nized by the following characteristics : 

1st. They aro not precipitated cither by hydrosulphuric acid or 
by alkaline sulphides. 

2nd. Carbonate of ammonium does not precipitate them. 

3rd. Ammonia forms a precipitate of hydrate of magnesium, if the 
solution he neutral and do not contain ammoniaeal salts; otherwise a 
double ammonio-magnosian salt, which is not decomposed by ammonia, 
would be formed. Even when tlie liquid is neutral, only half of tlie 
salt, is decomposed, because an ammoniaeal salt, which prevents tho 
decomposition of the other half, is produced in the reaction. 

4th. Phosphate of ammonium produces in solutions of magnesian salts 
a granulated crystalline precipitate of amnion io-magnesian phosphate. 


ZINC Zn. 

Atomic weight — 32 75. Molecular weight = 

Zinc is extracted from blende (sulphide of zinc), and from calamine 
(carbonate of zinc). These ores aro roasted ; the blendo is transformed 
into oxide by oxidation, while the earbpnato also furnishes oxide, losing 
carbonic anhydride. The oxide produced, when calcined with charcoal, 
gives metallic zinc. Tho apparatus used for this reduction ought to 
lie such that the metal melts and runs off as it becomes liberated ; 
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then the method per descensum is said to bo employed : but an appa- 
ratus may also bo used in which zino is reduced into vapour, and dis- 
tilled; and this constitutes tlio method per ascemum . 

The zinc of commerce is impure ; it may be distilled, but it cannot 
bo thereby freed from foreign metals. Tlio best means of obtaining it 
in a state of purity consists in reducing pure oxido of zinc Jby carbon 
equally pure, obtained by calcining sugar. 

Zinc is of a bluish-grey colour, and appears to bo dimorphous ; it 
fuses at 500°, and distils at red heat, ft is very slightly flexible, 
but very malleable; when alloyed with other metals it becomes 
brittle, and acquires the sarno property when heated to 200°. Zinc 
has a density varying from G'8t>to7’21, according as it is simply 
melted or laminated. 

At the ordinary temperature zinc oxidizes on the surface, but the 
oxide formed preserves the metal from further oxidation ; it bums 
brilliantly at red heat, emitting white fumes of oxide of zinc. It is 
thus that this oxide is manufactured. 

Zinc decomposes the vapour of water at 100'; at the ordinary tem- 
perature it is substituted for tlio hydrogen of acids. We liavo seen 
that the preparation of hydrogen is founded on this property. 

Silver, gold, platinum, bismuth, antimony, tin, cadmium, mercury, 
lead, etc., are displaced from their solutions by zinc. 

When hot, the hydrates of potassium and sodium, and even the solu- 
tion of ammonia, dissolve this metal with disengagement of hydrogen. 
In this case, with the fixed alkalies, alkaline zincates are formed. 


a (n}°) + Zn " 

I’utitali. Zinc. 



Zi unite «*1‘ 
potassium. 


+ 


H I 
U I 

Hydrogen. 


lining hi atomic, zinc combines with two atoms of chlorine, bro- 
mine, or iodine, giving a chloride ( Zn" a bromide ( Zn" jjjJ.), 

or an iodide ^Zn"||j. With oxygen it forms a protoxide (Zn"(>) 
and a binoxide (Zn"() 2 ). Tlio protoxide corresponds to the liy- 

( Z U " j V 

H* r° 8 )’ furnishes a Rories of salts by the substitution 

of acid radicles for the typical hydrogen it contains. Finally, zinc forms 
with sulphur a monosulphide (Zn"K). 


CoMHINATIONS OF ZlNC WITH MONATOMIC MkTALI/»||>s. 

Chloride of Zinc ^ Zn" Jq|^. — T his body is formed when zinc is 

heated in a current of chlorine : in this case the metal burns and is 
converted into chloride ; but it is obtained more rapidly and cheaply 
by dissolving zinc in hydrochloric acid. 
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Zn" + 2 (ci}) = ( Zn "{ci) + h} 

Zinc. Hydrochloric Chloride of Hydrogen, 

acid. zinc. 


When the metal is dissolved, the liquid is filtered in order to 
separate some impurities which are contained in the zinc of commerce, 
and wliicli do not dissolve ; then it is evaporated to dryness, and when 
this is completed the residue is meltod by heat, and it is then poured 
on to a clean marble slab ; as soon as it is solidified, it is pounded, and 
placed in a bottle accurately stoppered. If it were allowed to cool in 
the air its surface would absorb moisturo. Chemists formerly called 
this substance butter of zinc. 

If instead of evaporating to dryness, the process be arrested when tho 
liquor has become highly concentrated, tho chloride of zinc is deposited 
on cooling, in hydrated crystals. 

Chloride of zinc is of a greyish colour and melts at 250° ; it begins 
to emit vapours at 400°, and is veiy deliquescent; it produces great 
heat on dissolving in water, and has such affinity for this liquid that 
it destroys living tissues, seizing tho water they contain. Surgeons 
thus use it as a caustic. 

Alcohol dissolves chloride of zinc. If such a solution ho heated, the 
alcohol is dehydrated; and, according 1o the proportion of chloride of 
zinc that lias been employed, ethylene (C a II 4 ) or ether (C 4 H 10 O) is pro- 
duced. 

= (I1 2 0) + (C*TT 4 ) 

Alcohol. Water. Ethylene. 

2 (OTTO) = (IPO) + (OTT ,0 O) 

Alcohol. Water. Ether. 


Bromide of Zinc ^Zn" j is prepared like 
possesses analogous properties. 


tho chlorido, and 


Iodide of Zinc 




. — This is prepared by pounding iodine and 


zinc filings under water. It is a white substance, soluble in water, 
crystallizes in needles, and has a styptic, disagreeable taste. This 
compound could ho used in medicine, according to Bouchardat, in pre- 
ference to iodide of lead. 


Combinations of Zinc with Bi atomic Metalloids. 

Protoxide of Zinc (Zn"0). — In tho arts oxido of zinc is prepared 
directly by tho combustion of tho metal. For this purpose the zinc is 
heated until it emits vapours, which are lighted, the fumes are then 
carried by a current of air into a scries of chambers, where the oxide 
of zinc is deposited. 

The oxido of zinc thus prepared was formerly called lana philoso- 
phical nihilum album , flowers of zinc , and pomphaMs. 
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Oxide of zinc may also be prepared by heating the hydrate of the 
metal, or by calcining the nitrate or carbonate, or by heating the bisul- 
phite of zinc, which is itself obtained by the action of sulphurous 
anhydride on blonde (sulphide of zinc) pulverized and suspended in 
water. 

Oxide of zinc is white at the ordinary temperaturo: it becomes 
yellow when heated, and regains its original colour on cooling. When 
procured by the calcination of the metal, it is light and flocculont ; 
when prepared by moans of the bisulphite, it appears spongy and is 
also very light ; whon obtained by calcining the nitrate, it is pulveru- 
lent and heavy. 

Oxide of zinc is fixed ; water only dissolves rmnrwffy but y°t ^ lc 
solution changes the colour of litmus. 

Oxide of zinc is a basic anhydride which enters into double decom- 
position with acids, and gives well-defined salts which are isomorphous 
with those of magnesium. 

It is employed in medicino as an antispasmodic, and lias been 
recommended for epilepsy. It is now used in painting, as a substitute 
for white lead (carbonate of lead). 

( Zn ff 1 \ 

jp [ 0‘ J ). — When an alkaline solution is added to 

the solution of a salt of zinc, a precipitate is formed which, collected on 
a filter and well washed, constitutes tlic hydrate of zinc. 

This hydrate loses a molecule of water under the influence of heat, 
and leaves a residue of anhydrous oxide of zinc. 

Hydrate of zinc enters into double decomposition with acids, and 
gives salts arising from the substitution of the radicles of these acids for 
its typical hydrogen. It is a powerful base, but in presence of ener- 
getic bases it can also exchange its hydrogen for a metal and furnish 
zincatos ; in this case it acts as a weak acid. 


Nitric acid. 


Nitrate of zinc. 


Water. 


2nd, 


,( Z S>) + 2^}o) = ((/^}o.) +2 (i!!o) 

Ilydratc of 
zinc. 

•csw 


2 (51°) = Hi!! 0 ) + ("'H 


Hydrate of 
zinc. 


Hydrate, of 
potassium. 


Water. 


Zilicate of 
potassium. 


Sulphate of Zinc — In the laboratory, sulphate of zinc is 

prepared by dissolving metallic zinc in diluto sulphuric acid : 

- (!£}«■) + SI 


Zinc. 


Sulphuric 

acid. 


Sulphate of 
zinc. 


Hydrogen. 


For this purposo the residue of the preparation of h}’drogcn is utilised : 
this solution has only to be filtered and crystallized. In the arts, 
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native blende (sulphide of zinc) is roasted ; it absorbs oxygen from 
the air and thus passes to the state of sulphate. Tho sulphate is thon 
dissolved in water, the solution decanted, and crystallized. 

M + 2 (o!) = (a?'} 01 ) 

Sulphide Oxygen. Sulphate of 

of zinc. zinc. 

For convenience of carriage it is molted in its water of crystallization 
and poured into lumps. 

Sulphate of zinc dissolves in two or threo times its weight of water 
at tho ordinary temperature ; at the same temperature it crystallizes 
with 7 molecules of water of crystallization; it can also crystallize 
with different quantities of water when tho conditions under which tho 
crystallization takes place are varied. In all cases the crystals of sul- 
phate of zinc are isomorphous with those of sulphate of magnesium, 
which contain tho same quantity of water. 

Sulphate of zinc combines with alkaline sulphate to give doublo salts, 
which crystallizo with G molecules of water. Tho doublo salt of zinc 
and potassium answers to the formula 



When strongly heated, sulphate of zinc is decomposed and leaves a 
residue of oxide of zinc. 

Binoxide of Zinc (Zn"0*). — This substance is obtained by treating 
the protoxido with oxygenated wator. 

(Zn"0) + (IPO 2 ) = (JT 2 0) + (Zn"0*) . 

Protoxide Oxygenated Wutcr. Hinoxide 

of zinc. water. «r zinc. 

It is a body .of slight stability. 

Sulphide of Zinc (Zn"S). — This body exists in naturo crystallized 
in regular octahodra, and has received the name of blende. It may bo 
obtained artificially by precipitating a salt of zinc by a soluble sulphide. 

(X) 0 ') + ©■) - TO + (are) 

Sulphate Sulphide Sulphate of Sulphide of 

of zinc. of potassium. zinc. 

When roasted, sulphide of zinc is converted either into sulphate or 
into sulphurous anhydride and oxide, according to the temperature. 


2nd. 


1st. ( Zn''S ) 

i - *©) 

_ /SO*"| 0 A 

~ \ Zn" f U ) 


Sulphide of 
zinc. 

Oxygen. 

Sulphate of 
zinc. 


(Zn"S) + 

3 (o}) := 

2 (SO) + 2 

(Zn''0) 

Sulphide, 
of zinc. 

Oxygen. 

Sulphurous 

anhydride. 

Oxide of 
zinc. 
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Sulphide of zinc dissolves in acids, disengaging liydrosulphuric 
acid. 

(z»"s) + J(S}) = (Z»"{g) + (S}s) 

Sulphido Hydrochloric Chloride of Sulphuretted 

of zinc. acid. zinc. hydrogen. 

Carbonate of Zinc.^-Carbonate of zine is found native, and the 
mineral has received tlio name of calamine. It is only employed in the 
metallurgy of zinc. 

Reactions of Salts of Zinc. — Salts of zinc are recognized by the fol- 
lowing characters : 

1st. Ilydrosulphnric acid does not precipitate them from solution, 
unless the salt be derived from a weak acid like acetic acid, in which 
case a white precipitate of sulphide of zinc is formed. 

2nd. Sulphide of ammonium forms a white precipitate of sulphide of 
zinc, which is soluble in dilute hydrochloric acid. 

3rd. Potash produces a white prccipitato of hydrate of zine, which is 
soluble in an excess of the reagent. 

4th. Ammonia acts like potash. 

5th. Carbonates of potassium and sodium with salts of zinc give a 
white precipitate of carbonate of zinc, which is insoluble in an excess 
of the reagent. 

(itih. ( larbonate of ammonium acts in the same manner, with the slight 
difference that the precipitate dissolves in an excess of the reagent. 


CADMIUM (3d. 

Atomic weight - 1 12. Molecular weight -- 1 12. 

Cadmium is almost always contained in the ores of zine. When these 
ores are submitted to metallurgic operations, the cadmium distils first, 
being the more volatile ; it may be obtained pure by successive distil- 
lations. 

Cadmium is white, very ductile, and very malleable ; its density is 
8*7 ; it melts below red heat and its vapour burns brilliantly in air. 

It forms compounds entirely analogous to those of zinc. Thus we 
know : 


An oxide .... 

. . . . CdO 

A sulphide .... 

. . . . CdS 

A hydrate .... 

Cd »J°H 
. ... Ld l0H 

A chloride .... 

. . . . caw* 

A bromide .... 

. . . . C'dBr* 

An iodide .... 

. . . . Cdl a , etc. 


The oxide and the hydrate of cadmium enter into double decom- 
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position with acids, giving rise to salts that are isoxnorphons with those 
of zinc and magnesium. 

These salts possess the following properties : 

1st. Ilydrosulphnric acid added to their solutions gives rise to a 
yellow precipitate that is insoluble in alkaline sulphides but dis- 
solves in hydrochloric acid. This precipitate forms even when the salt 
of cadmium is mixed with a solution of cyanide of potassium. 

2nd. Potash and soda form a white precipitate of hydrate of cadmium, 
which is insoluble in an cxcoss of the reagent. 

3rd. Ammonia gives the same procipitatc, but an excess of the re- 
agent dissolves it. 


COPPER Oil. 

Atomic weight =5 G3. Probable molecular weight = 63. 

Copper is found native, but the principal ore of this metal is a 
double sulphido of copper and iron. This ore is first roasted, which 
process transforms the sulphide of iron into oxide of iron and sulphu- 
rous anhydride. The oxide of iron passes into the siliceous scoriae in 
the state of fusiblo silicate. The product of this first operation is 
called matt, and when this is treated in precisely the same manner as 
just described it is entirely deprived of iron, and gives what is called 
white matt. 

When, again, this white matt is roasted impure copper is obtained ; 
the sulphide of copper is really transformed into sulphurous anhydride 
and oxide of copper, and this latter reacts on the undecomposed sulphide, 
funning copper and sulphurous anhydride. 

(Cu*S) + 2 (CuO) = 4Cu + SO 8 

Su1muI]i1iuI(! Protoxide of Copper. Sulphiiroiu 

of etlpinT. copper. uubydridc. 

On roasting the impure copper in a silex kiln, tho formation of a 
certain quantity of oxide takes place, which entirely eliminates the 
sulphur, at llio same time the oxides of tho foreign metals unite with 
tho silex of the kiln and form silicates which pass into the scoritc. 

Finally, to prevent it containing oxide it is melted, charcoal is placed 
on its surface, and tho mass is stirred with green wood. The carbon gases, 
which arc disengaged under the influence of heat, complete the reduc- 
tion of the oxide of copper which is disseminated in the metallic 
mass. 

Thoso two last operations are called refining. 

Chemically pure copper may be obtained by reducing tho oxide of 
this metal by hydrogen. 

For this process, pur% oxide of copper is placed in a small globe 
blown in the middle of a glass tube (fig. 34) ; one of tho ends of this 
tube communicates with an apparatus in which hydrogen is produced ; 
euro must be taken, howovor, to interpose a drying tubo between the 
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globe and this apparatus, and the tube is allowed to communicate freely 
with the atmosphere by its other extremity. 

When the hydrogen Las passed for a sufficient length of time for the 
whole of the air to be expelled, the oxide of copper is heated by a 
spirit lamp*, water is formed, and the copper becomes free. 

(Ca"0) + h} = (h}°) + Cu" 

Oxide of Hydrogen. Wutcr. Copper, 

copper. 

The operation is complete when vs pour of water no longer passes off. 



J , ’ig. 31. 

Copper is red, and Las sufficient malleability to enable it to be reduced 
into transparent leaves; it is very ductilo and very tenacious. Its 
density is 8*85. 

It is obtained artificially, crystallized in cubes, which form it also 
assumes in nature. 

Copper when rubbed acquires a disagreeable odour. It melts at 
about 778°, and does not oxidize in dry air at tho ordinary temperaturo ; 
when heated, it oxidizes without incandescence, and, exposed to moist air, 
it becomes covered with a coating of hydrated carbonate of copper (ver- 
digris), but this coating preserves tho motal from furthor alteration. 

Nitric acid acts on copper when cold, and sulphuric acid dissolves it 
when hot ; in the first case, binoxide of nitrogen and nitrate of copper 
are produced ; and sulphate of copper and sulphurous anhydride aro 
formed in the second. 

1*. 8(^0) + » - 3 P^Cu^O'J 

Nitric acid. Copper. Nitrate of copper. 

+ *(n|o) + 2 (NO) 

Water. Biooxliie^f nitrogen. 

* If heat were applied before the air had been exj^Iled, an explosion would tuko 
place, owing to the explosive mixture which would form in the globe. 
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2nd. 2( S< £")0 s ) + Cn" = + 2(jJ|o) + (SO*) 

Sulphuric acid. Copper. Sulphate of Water. Sulphurous 

copper. anhydride. 

In presence of acids copper readily absorbs oxygen from the air ; it 
also oxidizes in presence of ammonia and dissolves, forming a beautiful 
blue liquid. 

Ooppor when previously heated burns in chlorine, forming bichloride 
of copper. It combines directly with sulphur, phosphorus, arsenic, 
bromine, and most metals. 

Copper forms two series of compounds. Being biatomic, it can com- 
bine directly with two monatomic radicles, or with one biatomic radicle 
like itself, and thus be saturated. Tlicnco a whole series of com- 
pounds, known as por-compounds or cupric compounds. Thoso arc : 


Tho hi chloride of copper . . 

Cu"Cl* 

The hibromido „ . . 

(Ju'T.r 2 

The billuorido „ . . 

Cu'TT 

I’erhydrate of copper . . 

Cu''(OH) 2 

The protoxide of copper . . 

Cu"0 

The protosulphidc ol‘ copper . 

Cu"S 


and the different oxygenated per-salts resulting from the substitution of 
the radicles of acids for the hydrogen of the perhydrate. 

On account of the biatomieity of copper, it may also happen that two 
atoms of this metal unite, only exchanging with one another a single 
atomicity and forming the biatomic group Cu 2 , as the following figure 
shows : 

Cu 

= (GV)" 

The group Cu 2 being biatomic, can also bo combined, quite as well as 
the atom Cu, with chlorine, bromine, iodine, etc., and as the combinations 
it forms are of sufficient stability, we have a second series of eoppor 
compounds, known as sub- or cuprous compounds, in which, instead of 
the simple atom Cu", the group Cu 2 acts. These are : 


The protochloride Cu 2 Cl 4 

The protobromidc Cw'Br 2 

The prot-iodide Cu 2 ] 2 

The protofluoride Cu*Fl 2 

The sub-oxido Cu 2 0 

The sub-sulphide ...... Cu*S 


and very instable protosalts, resulting from the substitution of the 
biatomic group Cu a for anl&qual number of atoms of the typical hydrogen 
of acids. 

Bosides these two series of compounds, copper also forms with oxygen 
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a binoxide (CuO 2 ) and a cupric acid, the composition of which has not 
yet been exactly determined. 

The biatomicity of oxygen explains how several atoms of this body 
may unite with a single atom of copper : two atoms of oxygen can each 
exchange one atomicity with copper and one with each other, as wo 
see by the following figuro : 



Cm 


Curnic Compounds. 

Those of these compounds requiring notice are : the bichloride, the 
protosulphide, the protoxide, the hydrate, tho sulphate, the nitrate and 
the carbonates. 

Bichloride of Copper ^Cu" This compound is formed by the 

direct action of chlorine on copper ; it is also formed when the protoxide 
is dissolved in hydrochloric acid. 

Ou" + «} - (<:«»{!’) 

Copper. Chlorine. IVrchlurfde of 

copper. 

(°»"°) + 2 (”i) - (n}°) + ( ,w '{o!) 

J'rotoxiile of Hydrochloric Wuter. Bichloride of 

copper. acid. copper. 

Bichloride of copper is soluble in water and in alcohol ; its aqueous 
solution, concentrated by heat, on cooling deposits hydrated crystals 
which have for formula (Cu"Cl 3 + 2 aq.) These crystals have tho form 
of elongated needles of a greenish-blue colour. 

Tho alcoholic solution of this salt burns with a magnificent green 
flame. 

ProtoBulphide of Copper (Ou"S). — This body does not exist in nature 
in an isolated state; it is obtained by transmitting a current of sul- 
phuretted hydrogen through an aqueous solution of a cupric salt, tho 
bichloride, for instance : 

(°“"{cl) + (n( s ) = 2 (Sf) + ( w ' a ) 

Bichloride of Hydrosulphuric Hydrochloric Sulphide 

copper. acid. ncid^ of copper. 

It is precipitated in the form of a black mass easily affected by 
air, whoso oxygen it attracts, and is converted into sulphate. 
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(tvs) + *(g|) - a®*) 

ProtOBulpliide Oxygen. Sulphate of 

of copper. copper. 

Protosulphide of copper loses half its sulphur when heated, and is 
transformed into sub-sulphide. 

4(CuS) = 2(Cu*S) + g | 

Protosulphide Subsulplilde of Sulphur, 

of copper. copper. 

Protoxide of Copper (CuO). — This oxide may bo obtained, 1st, by 
heating copper in air : a layer of oxide, which is easily removed, forms 
on the surface of the metal ; 2ndly, by calcining the nitrate of copper ; 
and, iirdly, by heating cupric hydrate : if this latter body be boiled 
with water, it will become dehydrated. 

Whatever process be employed in its preparation, and whatever 
slight differences there may bo in the physical properties of the oxide, 
which may be more or less compact, this compound always possesses the 
following properties : 

It is a black amorphous powder, which resists a very high tempera- 
ture without decomposing, and without melting. But when too 
Btrongly heated all the mass is united into a single lump of very 
great hardness, which, when pounded, lias a yellowish colour. This 
oxide appears to be in a particular a'llotropic state. M. Lieben has 
observed that it, can then be aggregated at a lower temperature than 
when it has not been overheated. It, however, loses this property if 
it be heated many times at a temperature which is insufficient to 
aggregate it, and if it bo then allowed to cool. 

Protoxide of copper is a basic anhydride, which enters into double 
decomposition with acids, giving pcr-salts. It is much used in labora- 
tories in making organic analyses. 

/Ou" I \ 

Hydrate of Copper ( jp > 0 2 J. — This hydrate is obtained by pre- 
cipitating tho solution of the bichloride or sulphate, or any other 
per-salt of copper, by an alkaline base. The precipitate which forms 
should bo well washed, and dried at the ordinary temperature; its 
colour is dirty bluo. 

Tho hydrate of copper is dehydrated by heat; and, if the liquor 
from which it is precipitated be boiled, it loses water, and is trans- 
formed into anhydrous oxide : 

( c S}°’) - (h}°) + M 

Copper. Water. Protoxide of 

copper. 

Hydrate of copper dissolves in ammonia, forming a beautiful blue 
solution. 

( gO *" ) \ 

Cu" I ® / — ^is substance is prepared ii 
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the Laboratory by acting on hot copper by conoentratod sulphuric acid, 
dissolving in water, and crystallizing. 


Cu" 

Copper. 


+ ■C5}*) - CS}*) 


H' i 

Sulphuric 

acid. 


Sulphate of 
copper. 


+ 2 (h}°) + M 

Water. 


Sulphuroiu 

anhydride. 


The residue of the preparation of sulphurous anhydride is thus utilized. 
In the arts, sulphido of copper is heated in air. This body absorbs 
oxygen from the air, and is transformed into sulphate, which is sepa- 
rated from the undecomposed ore by lixiviation and evaporation. 

The sulphato of copper of commerce almost always contains sul- 
phate of iron : the best method of obtaining the salt free from iron 
consists in dissolving it in water, and precipitating it by sulphuretted 
hydrogen from tho solution previously acidulated. The copper is pre- 
cipitated alone : this precipitate, well washed, and exposed to contact 
with air and water, is transformed into a sulphate, which is crystal- 
lized after the solution lias been filtered. Sulphate of copper is known in 
commerce as blue vitriol or blue copperas. It is insoluble in alcohol, 
but soluble in water ; it crystallizes from its solution in the latter 
liquid in blue oblique parallel op i pods. These crystals aro hydrated, 

and have for formula l ^ „ > 0* + 5 aq. J 

When hydrated sulphate of copper is heated to 100°, it loses 4 aq., 
and at 243° it loses tho remainder, and becomes anhydrous. It then 
forms a whito powder, which resembles flour. Tho smallest quantity 
of water restoring it to its blue colour, this body becomos a valuable 
test for tho presonco of water. 

The crystals of sulphato of copper aro isomorphous with thoso of tho 
sulphates of magnesium, zinc, and cadmium, when these contain, liko 
it, five molecules of water. This salt forms double sulphates with 
alkaline sulphates. It combines with the sulphates of magnesium, zinc, 
tho sub-sulphate of iron, etc., giving crystals which contain five mole- 
cules of water when the copper predominates, and seven when it is the 
other metal which does so: these crystals are always isomorphous 
among themselves when they contain the same quantity of water. 

When strongly heated, tho sulphate of copper is decomposed into 
oxygen, sulphurous anhydride, and protoxide of copper. 

If this salt be precipitated by an insufficient quantity of base, an 
insoluble basic sulphate is produced, which is green. 

When a quantity of ammonia sufficient to dissolve the prccipitato 
formed is added to a solution of sulphate of coppor, and alcohol is 
afterwards poured into the blue liquor produced, a beautiful blue pre- 
cipitate is obtained, which has received tho name of ammoniacal sul- 
phate of coppor, and whoso composition is j 0 S ,6N11 3 +II 2 0^. 

Nitrate of Copper (Cu" | ONO*} - Nitrato of copper is prepared by 
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dissolving tlie metal in nitric acirl, evaporating the liquid, and allow- 
ing it to cool. The salt is deposited in large blue hydrated crystals, 
which, when heated, first melt in tlieir water of crystallization, then 
this water is vaporized, and the anhydrous nitrate is decomposed ; a 
green basic nitrate first forms, the decomposition then becomes still 
more complete, and, finally, there remains a residue of oxide of copper. 

Carbonates of Copper. The carbonate obtained by pouring carbo- 
nate of sodium into a solution of sulphate of coppor is a dicupric 
carbonate^, and is bibasic. Its formula is : 


Cu" 

Cn" 


| OH 

I 0 1 
|0 f 
I on 


00 " 1 


(0u") a 

CO" 

IP 



This body has tho same composition as the natural carbonate known 
as wnlachifc. Malachite is of a beautiful green colour, and is used in 
compact blocks for ornamental purposes. Where it abounds, as in 
Siberia, for instance, malachite is used as a copper ore. It. is a very 
rich one. 

There also exists native a hydrated t-ri cupric carbonate of a beauti- 
ful blue colour, known as cJicftxi/litc. 

Finally, the verdigris which forms on the surface of copper is also a 
hydrated carbonate of copper, but it must not be confounded with the 
verdigris of commerce, which is tho sub-acctato of copper. 


Curiums Compounds. 

Protochloride of Copper (Cu*01 2 ). — The most simple method of 
preparing this body consists in dissolving metallic copper in aqua- 
regia containing an extremely small quantity of nitric acid, and adding 
water to tho solution ; the protoelilorido of copper precipitates in tho 
form of a white crystalline powder. This compound may also be pre- 
pared by dissolving the sub-oxide of copper in boiling hydrochloric 
acid, and leaving the liquid to cool, from which small colourless tetra- 
hedra of protochloride of copper are deposited. 

It may also be obtained by heating percliloridc of copper, which 


loses half of its chlorine. 



2^('uCl-) 

- 01 t + 

~ ci c + 

(Cu'Cl*) 

lVrclilorido 

Chlorine. 

Chloride of 

ol I’OJljHT. 


copper. 


Chloride of copper is a white substance, sparingly soluble in water, 
but soluble in hydrochloric acid and in ammonia ; it becomes green in 
tho air, absorbing oxygen and becoming transformed into oxychloride 
(Cu*Cl*0). It also absorbs carbonic oxide, but disengages the gas 
when its solution is boiled. Cuprous chloride dissolved in ammonia, 
gives, with gaseous carbides of hydrogen of the series O’TP 1-8 , explosive 
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precipitates, which, when heated with hydrochloric acid, disengage the 
hydrocarbidc whose elements they contain. This property is utilized 
in organic chemistry. 

Sub-sulphide of Copper (Cu 2 S). — Subsulphide of copper is found 
native in beautiful crystals belonging to the cubic system. They are 
black, and have a slight metallic lustre ; thoy aro soft enough to be cut 
with a knife, and melt in the flame of a taper. Their density is 5*0. 

This substance is prepared artificially by calcining copper with an 
excess of sulphur, which excess evaporates during tho calcination. 
That no copper bfiay be left unacted on, the product of this first opera- 
tion is pounded and again calcined with sulphur. 

.When heated in air, it gives sulphate of copper if the temperature ho 
not too elevated ; otherwise, it is transformed into oxide of copper and 
sulphurous anhydride, absorbing oxygen. When tho sulphide is heated 
with oxide of copper, a disengagement of sulphurous anhydride takes 
place, and a residue of metallic copper is left. 

((VS) + 2 (CuO) 4Cu + (SO*) 

Sub-sulphide l*rutnx1i|n Cupper. Sulphurous 

of cup] xt. of copper. anhydride. 

Sub-oxide of Copper (Cu*0). — This substance is found native. It is 
sometimes found in compact masses and sometimes in regular octahe- 
dral crystals of a red colour ; it may he obtained artificially in tho 
form of a red powder in various ways. 

If acetate of copper bo boiled with glucose, a red crystalline powder, 
the sub- oxide of copper, is precipitated. 

In the arts this body is usually prepared by calcining a mixture of 

Sulphate of copper .... 1 00 parts 

Dry carbonate of sodium . . 28 ,, 

Copper filings 25 „ 

The product of this operation must undergo frequent washings. 

Sub-oxide of copper melts without altering when healed protected 
from tho air; it is transformed into protoxide when heated in air. 

Hydrochloric acid enters into donblo decomposition with it, and con- 
verts it into protochloride ; this oxide is therefore a basic anhydride. 

Nitric acid yields oxygen to it, and causes it to pass to the state of 
pemitrate ; strong acids decompose it into metallic copper and bin- 
oxide of copper, which, on contact with theso acids, gives a salt of 
copper. 

M + (W - <*- + («?;}«■) + (j [ } o) 

Oxide of Sulphuric acid. Copper. Sulphate of Water, 

copper. copper. 

Ammonia dissolves this oxide without becoming coloured, but the 
solution turns blue by absorbing oxygen when exposed to the air. 

Distinctive Characters of the Salts of Copper. — The salts of copper 
are recognized in analyses by the following properl ies : 
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1st. A sheet of iron plunged into a solution of a salt of this metal 
becomes covered with an adhesive coating of copper of a beautiful red 
colour. 

2nd. Hydrosul phuric acid forms in these solutions a precipitate 
insoluble in alkaline sulphides, and which is not produced in presence 
of cyanide of potassium. 

The per-salts may be distinguished from the sub-salts : 

1st. With sub-salts, potash gives a yellow precipitate insoluble in 
an excess of the reagent. Per-salts are precipitated of a dirty blue 
colour by llio same reagent, and the precipitate becoiflcs black when 
boiled, provided that the potash has been added in sufficient quantity 
to decompose the whole of the salt of copper. 

2nd. Ammonia produces in per- and sub-salts a precipitate solublo 
in an excess of tho reagent ; but with per-salts the ammoniacal solu- 
tion is a beautiful blue, while with sub-salts this solution is colourless, 
and only turns bluo on contact with air. 

All tho salts of copper are poisonous : tho best antidote for poisoning 
by preparations of copper consists in administering a few whites of 
eggs and then giving an emetic. The albumen of tho egg forms with 
the copper a compound, only very slightly soluble, and thus the 
absorption of the metal is prevented until the emetic acts. 

It. has been proposed to substitute iron filings for albumen, with the 
idea of precipitating tho copper in a metallic state ; or sulphide of iron, 
which should form sulphide of copper. 

Copper enters into several common alloys. When united with zinc 
it constitutes brass; with tin it forms bronze; and wo have seen that 
tho silver used in money and jewellery is alloyed with copper. 


MERCURY Ilg. 

Atomic weight = 200. Molecular weight — 200.-/ 

Mercury is found native, but in too small quantity to be worked. 
It is chiefly extracted from the sulphide of mercury or cinnabar. Tho 
principal mines worked are at Almaden in Spain and at ldria in 
Illyria. Though tho motallurgic processes employed vary a little in 
different places in the arrangement of apparatus, they are chemically 
reduced into a single one, which consists in roasting the ore. The 
sulphur pisses to the stato of sulphurous anhydride, and the mercury 
is liberated : 

(iTgS) + g} = (SO*) + Hg 

Sulphide of Oxygen. Sulphurous Mercury. 

mercury. anhydride. 

Mercury may also bo displaced from its sulphide by heating the 
latter with iron. 

(HgS) + Fc = (FeS) + Ilg 

Sulphide iron. Sulphide Mercury, 

of mercury. of iron. 
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# The mercury obtained by these methods is filtered through wash- 
leather and placed in iron bottles. 

In order to obtain the metal pure, it must be treated by a quantity of 
nitric acid insufficient to dissolve it, and the whole left for twenty- four 
hours. Nitrate of mercury is first formed, and other metals are after- 
wards substituted for the mercury of this nitrate. After twenty -four 
hours all these metals become dissolved, and the portion of mercury 
not acted on remains in a state of absolute purity. 

Mercury is liquid at tlio ordinary temperature ; it is solidified at 
—40° and boils at 350°. In tho solid state this metal is of a silver 
whiteness ; it is malleable, and crystallizes in octaliedra ; its density 
is 14*4; its density in tho liquid stale is 13*59, and its vapour 
density is 6*976. 

Pure mercury does not adhere to porcelain or glass, but adheres to 
these substances if alloyed with lead or other metals, and assumes tho 
form of small elongated drops. 

Mercury oxidizes slowly in the air. This oxidation becomes 
much moro activo at a temperature of about 350°. It also takes 
place in tho cold very readily in presence of ozonized oxygen. 
It is not acted on by hydrochloric acid. Nitric acid rapidly dis- 
solves it : when cold, and in presenco of an oxcess of metal, sub- 
nitrate of mercury is formed ; when hot, and with an excess of acid, 
per-nitrato is produced. Boiling sulphuric acid dissolves mercury, 
disengaging sulphurous anhydride. According to whether the acid or 
the metal predominate, the sulphate formed is per- or sub-sulphatc. 

In presence of air and acids, alkaline chlorides cause mercury to 
pass to the state of chloride. Tho absorption of this motal by the skin 
is explained by this reaction. 

Chlorine, bromine, and iodine combine directly with mercury in tho 
cold. Sulphur also can enter into direct combination with this metal. 
Mercurial compounds capable of absorption act as poisons on the 
animal economy. Workmen who breathe mercurial vapours are gene- 
rally affected by a remarkable tremulous state known as mercurial 
palsy. 

In medicine, mercurial compounds are employed with success in 
syphilis, inflammation of the membranes, etc., etc. 

Mercury, like copper, is biatomic, and its atoms, like those of copper, 
possess tho property of combining with each other, losing one part only 
of their capacity for saturation. Tho result is, that not only the atom 
Ilg, but even the group Ilg® acts as a biatomic radicle and can enter 
into combination with different radicles. 

Compounds into which the atom Ilg enters are called pcr-compounds, 
and those into which the group Hg 2 enters take the name of sub-com- 
pounds. 

The principal per-compounds are : 

The bichloride of mercury .... TlgCl 2 
The bibromide * • • Hg® 1 ** 
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Tho Iriniodide Hgl* 

The bifluoride HgFl* 

The peroxide HgO 

Tho persulphide HgS 


and the per-salts resulting from tho replacement of the basic hydrogen 
of ficids by the biatomic atom Hg. 

Tho principal sub-compounds aro : 


The protochloride of mercury . . Hg*Cl* 

The protobromide IIg*Br* 

The prot-iodido Hg 11 ! 8 

The sub-oxide or oxydule .... Tl^fO 

Tho sub-sulphide Ilg 8 S 


and tho sub-salts which result from the substitution of tho biatomic 
radicle Hg 2 for the typical hydrogen of acids. 


Feu-Compounds of Mercury (Mercuric Compounds). 

Perchloride of Mercury ^TTg" | jjjj.— The hi chloride of mercury (cor- 
rosive sublimate) may bo obtained either by the action of chlorine on 
mercury, or by the distillation of a mixture of common salt and per- 
sulphate of mercury. 

“• >*■ + gj} - kp 

Mercury. Chlorine. Mercuric 

chloride. 



Mercuric Chloride of 

sulphate. sodium. 


CEW + MS) 

Sulphate of Corrosive 

sodium. sublimate. 


This distillation takes place in a large globe heated by a sand-bath 



Fig. sa. 


(fig. 35) ; Ihe bichloride is sublimed and deposited 
on tho cold upper part of this vase. 

As the mercuric almost , always contains a little 
mercurous sulphato, which would give protoohlorido 
(Ilg*Cl 2 ) on reacting with chloride of sodium, 
when this second method is employed a little bin- 
oxide of manganese is added to the mixture. On 
contact with the chloride of sodium and tho excess 
of acid contained in the mercuric sulphate, this 
binoxido gives rise to a slight disengagement of 
chlorine, which causes the small quantity of pro- 
toohloridc formed to pass to the state of bichloride. 
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(Hg*Cl*) + gjf = 2(Hg"Cl') 

Protochlorido Chlorine. Bichloride 

of mercury. of mercury. 


Bichloride of mercury is dissolved in greater proportion in boiling 
water than in cold. Alcohol dissolves it better than water, and ether 
better than alcohol ; its alcoholic solution leaves it, by evaporation, 
crystallized in right prisms having a rhomboid base ; by sublimation it 
crystallizes in rectangular octahedra ; its density is 6'5, its fusing point 
is 265°, its boiling point is 295°, and its vapour density 9-42. 

On causing a reducing body such as protochlorido of tin, to act on a 
solution of corrosive sublimate, a white precipitate of protochlorido of 
mercury is obtained ; if the mixture be boiled, the protochlorido is 
reduced to the state of metallic mercury. 

When a solution of corrosive sublimate is poured into ammonia, a 
white precipitate is funned which is called amido-chloridc of mercury, 


and which has for formula 


( ! !} k * ci ‘) 


If, on the contrary, ammonia be poured into the solution of sub- 
limate, an equally white body precipitates whose formula is 
((llgt ■l tt ) H ,TTg ,/ IT 4 N s ) : this latter body may bo regarded as a combination 
of bichloride and amide of mercury. 

Albumen gives an insoluble precipitate with the sublimate, the com- 
position of which is not well understood, and appears to vary with the 
time it has been kept. 

Corrosive sublimate has a great tendency to form double chlorides 
The sodium salt has for formula*^ | , 2 (^] | j- 


with alkaline chlorides. 


CoiTosive sublimate is a violent poison, the best antidote for which 
consists in administering whites of eggs, and then an emetic. The albu- 
men rendering the sublimate insoluble, arrests its absorption until the 
emetic acts. The action of corrosive sublimate on albumen makes 
this salt useful for the preservation of animal matters. 

Corrosive sublimate is one of the compounds used as basis for the 
pharmaceutical mercurial preparations. 

Mercuric Bromide ^TTg" j — Mercuric bromide is prepared by 
the samo methods as the chloride and possesses analogous properties. 

Biniodide of Mercury ^TTg" j maybe prepared either directly, 

or by double decomposition. To prepare i t directly 200 parts of mercu ly 
are triturated in a mortar with 254 parts of iodine; to facilitate the 
operation a little alcohol is added, and the trituration is continued until 
the mass assumes a beautiful red colour and until no globule oi metallic 
mercury can he distinguished by a magnifying glass. 

By double decomposition, an aqueous solution of .‘J18 parts of iodide 
of potassium arc poured into an aqueous solution of 271 parts of cor- 

i 2 
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rosivo sublimate ; a beautiful orange-red precipitato forms, which is tho 
biniodido of mercury. 

("«■)§) + 2( K if) = KcU + (Bf 15) 

Bichloride* of Iodide of Chloride of Biniodideof 

mercury. potassium. potassium. mercury. 

If, instead of employing the atomic proportions wo have just indicated, 
an excess of either reugent wore used, the precipitate would again 
dissolve. 

When biniodido of mercury is dissolved in a boiling solution of iodido 
of potassium, part of it is deposited crystallized on cooling; the 
crystals thus obtained are red. 

llin iodido of mercury is sufficiently volatile to bo sublimed; in tills 
case yellow crystals are deposited, which become red if pulverized : 
heat is disengaged during this latter transformation. The yellow 
crystals of biniodido of mercury belong to tho fourth crystalline 
system, while the red ones belong to the second ; this salt is therefore 
dimorphous. 

The biniodido of mercury is principally used in medicine for out- 
ward applications, nevertheless it is contained in some preparations 
that are taken internally. 

lttniodidc of mercury combines with alkaline iodides; tho formula of 
tlieso double iodides is : 

W*(f})) 

Mercuric Sulphido (TTg"S). — This substaneo may be prepared by 
heating sulphur and mercury together, or by precipitating a pel-salt 
of mercury by sulphuretted hydrogen. 

("6"{oi) + (11} ») - 2 (51) + 

Bichloride of Sulphuretted Hydrochloric Mercuric 

mercury. hydrogen. acid. sulphide. 

In the latter case, the sulphido of mercury forms a black mass. 
This mass, dried and heated in globes with open necks, is volatilized 
and deposited on tho cold parts of these globes in reddish- violet crystals. 
These crystals aro identical with those found native, and like theso 
latter they are called cinnabar. Tho mercuric sulphide is therefore 
dimorphous liko the iodido ; it volatilizes at an elevated temperature 
without decomposing if the operation be conducted without exposure 
to tho air ; in a current of air it is converted into mercury and sul- 
phurous anhydride. 

(ng"s) + 5J} = (so*) + ng" 

Sulphide of Oxygen. Sulphurous Mercury, 

mercury. anhydride. 

The density of natural cinnabar is 8-1, and that of artificial cinnabar 
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may descond to 7 ’65. The crystals of cinnabar deviate tho piano of 
polarized light to the left ; it is very possible that some day ci-ystals of 
tho same substance may be found which will be dextrogyrate. 

There is one variety of mercuric sulphide which is of a much purer 
red than cinnabar. This variety is known as vermilion, and is prepared 
by triturating for several hours a mixture composed of 


Mercury .... 

. . . . 300 parts. 

Sulphur .... 

. ... 114 „ 

Water 

.... 400 „ 

Potash 

. . . . 75 „ 


Tho mass which forms is black, but it becomes a beautiful red after 
oxposuro for some time to a temperature of f)0 o . 

Tho beautiful shade of vermilion is attributed to tho action of the 
alkalino sulphide which forms in tho reaction. Vermilion and cinna- 
bar are used in painting. 

Mercuric Oxide. — There aro two varieties of oxide, as of sulphide 
and iodide of mercury; one of these is yellow and the other rod. 
Tho yellow oxide of mercury is obtained by precipitating a mercuric 
salt by a soluble base. 

(“*"{$) + 2 (n } °) - 2 (ci|) + ("s"“) + (ii}°) 

Chloride of Potash. Chloride of Mercuric Water, 

mercury. potassium. oxide. 

The precipitate thus obtained is anhydrous : it is collected on a 
filter, washed and dried. 

Tho rod oxido may bo prepared either by heating mercury in air, or 
by slightly calcining per- or sub- nitrate of mercury; the oxide obtained 
by means of tho pemitrate is redder than that arising from the calci- 
nation of the suhnitrate. 

Tho process by heating mercury in air is no longer employed. Jl is 
from it that the name of precipitate per se was applied to tho binoxide 
of mercury. 

Mercuric oxide decomposes at 400° ; so that, between the tempera- 
ture at which tho metal oxidizes and that at which it is reduced, the 
difference is scarcely more than 50°. 

One part of this oxide appears to dissolve in 20,000 to 30,000 parts 
of water : tho solution does not aflbet litmus ; hut if sea salt be 
added, chloride of mercury and hydrate of sodium form, and a strongly- 
alkaline reaction is then manifested. 

Blue light seems to reduce the binoxide of mercury, but white light 
does not alter it. 

Tho yellow oxide, when left in a bottle with ammonia, combines with 
tho elements of this body without changing colour : the product thus 
formed is a powerful base which combines with acids without decow- 
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position, forming well-defined salts. These salts have received the 
name of ammonio-mcrcuric salts. The base answers to the formula 


(Hg"())^\*IIg'TP + 3(11*0) 

By admitting that the water it contains is water of crystallization, the 
ammonio-mcrcuric oxide may be represented by the following formula : 


-r/ 


f(TTg"OIT)' 

riig"oir/ 
k flig"oiiy 
ir 


vN* + 3aq. 


'J'his would be an ammonia twice condensed, in which biatomic Hg" 
would take the place of II 2 , and in which 3H would bo replaced three 
times by the monatomic residue (Hg"OJI). 


O 

_ n (i) 

Hg if 


= (Hg-ony 


Per-Nitrate of Mercury ^ITg" |q^q 2 ^ — When mercury is dissolved 

in an excess of boiling nitric acid, and the concentrated liquid is 
evaporated spontaneously in vacuo, crystals of basic per-nitrate of 
mercury form, and the liquid retains in solution the uncrystallizablo 
neutral nitrate of mercury ; water precipitates another basic nitrate 
from this liquid. 

( gC)2") \ 

W'f 0 '/ — This salt is prepared by 

causing an excess of boiling sulphuric acid to act on metallic mercuiy. 
The salt is deposited in the form cither of a crystalline powder or in 
small needles. Water decomposes it, forming a basic salt known as 
turpoth mineral, whieh when boiled for a long time in water loses the 
elements of sulphuric anhydride and leaves a residue of binoxide of 
mercuiy. The formula of turpetk mineral is : 



Mercurous Compounds. 

Protochloride of Mercury (Calomel) (Hg 2 Cl.) — Protochloride of 
morcury may bo obtained either by triturating the bichloride with 
mercury, or by distilling the subsulphatc of mercuiy with chloride of 
sodium. 

1st. (Hg"Cl 8 ) + ITg" = (Hg’Cl 2 ) 

Bichloride Mercury. Protochlorido 

of mercury. of mercury. 
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** (S?W + *(?}) - (E» + (H«-) 

Subsnlpbuta of Chloride of Sulphate of Mercuroiw 

mercury. nodium. sodium. chloride. 

Tills salt may also bo prepared by precipitating a soluble sub-salt of 
mercury by hydrochloric acid, or by a chloride dissolved in water. 

("sloN?) + *(ta}) - (w) + K™ 0 ’) 

Mercurous nitrute. Hydrochloric Mercurous Nitric acid, 

acid. chloride. 

When calomel is distilled, and its vapour received into .an apparatus 
full of air, this fluid is interposed between tlio molecules at. the time of 
their solidification, and a powder precipitates which is called vaporized 
calomel, because formerly vapour of water was substituted for air in 
this operation. 

Calomel acts as a purgative, and when given in small, and often- 
repeated doses, it occasions mercurial salivation. 

Mercurous chloride crystallizes by sublimation in prisms having a 
square base and terminated by octahedral points. These prisms belong 
to the second system. The protochloride of mercury is white ; it de- 
composes into mercury and corrosive sublimate when exposed to light. 

(ITg'Cl 2 ) = (TTgCl 2 ) + Hg 

rrotocliloridc Corrosive Mercury. 

of mercury. sublimate. 

A similar decomposition appears to take place when it is vaporized ; 
calomel is, in fact, one of those bodies the vapour densities of which 
seem to be exceptions to Ampere’s law, its density being half what 
it ought to bo. This anomaly is explained, like that of the chloride 
of ammonium, by admitting that dissociation takes place. 

Calomel is insoluble in water, alcohol, or ether. 

Nitric and hydrochloric acids attack it. By nitric acid it is con- 
verted into a mixture of bichlorido and per-nitrate ; while by hydro- 
chloric acid it is wholly converted into bichlorido. 

When heated with alkaline chlorides, calomel is transformed into 
corrosive sublimate. This action can even be produced at oH 1 or 40°, 
if organic matters intervene, especially in presence of acids and the 
oxygen of the air. This is a very important fact : the stomach always 
containing acids, air, and organic matters, we must avoid giving alka» 
line chlorides at the same time as calomel, or there may be danger of 
producing the poisonous sublimate in the stomach. 

On contact with ammonia, calomel is transformed into a black sub- 
stance answering to the formula 
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Protobromlde of Mercury (Hg*"Br*) is prepared like the protochlo- 
ride, and possesses analogous properties ; it is not used. 

Prot-iodide of Mercury (IIg 2 'T. — This salt may be obtained by 
precipitating mercurous nitrate by iodide of potassium. 

MP + 2 (?() - 2 ( n k|°) + ("i*” 1 ' 

Mercurous nitrate. Iodide of Nitrate of Prot-indido 

potassium. potassium. of mercury. 

Rut, as mercurous nitrate is always acid, iodino is liberated during 
the reaction, and this iodino causos one portion of the prot-iodide to 
pass to I lie stato of biniodido. 

In order to obtain the prot-iodide pure, it is better to triturate 
200 parts of rnercuiy with 1 27 parts of iodino under alcohol. 

The prot-iodide of mercury is grccnisli-yellow. When suddenly 
heated it volatilizes without decomposing ; when slowly heated, on the 
contrary, it abandons half its metal, and passes to the state of bin- 
iodide. 

The prot-iodide of mercury is insoluble in water, alcohol, or other; 
heated with alkaline iodides, it gives mercury, at the same time form- 
ing biniodido, and consecutively a double iodide. 

Subsulphide of Mercury (Hg a S). — This body is very instable ; it is 
funned when a soluble mercurous salt is precipitated by hydrosul- 
plmric acid. 



Mercurous nitrate. liydrosiilphuric Nitric acid. Mercurous 

acid. sulphide. 


I hit it decomposes almost immediately into metallic mercury and mer- 
curic sulphide. 

(Hjf'S) = Hg + (lIg"S) 

Subsulphide of Mercury. Mercuric 

mercury. sulphide. 

Tho subsulphide of mercury is of a black colour. 

Suboxide of Mercury (Hg s "0). — The suboxide is a black powder 
obtained by precipitating the subnitrate by potash : 

MSP) + - 2 Cn°) + (h)°) + M) 

Suhnitrute of Potash. Nitrate of Water. Suboxide of 

mercury. potassium. mercury. 

It is quito as instablo as tho subsulphide, and decomposes in tho 
same mannor, that is to say, into mercury and mercuric oxide. 

(IIg*''0) = (IIg"0) + llg 

Suboxide of Mercuric Mercury 

mercury. oxide. 

Mercurous Nitrate 0*). — This is prepared by leaviu-i 
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jnercury in an excess of cold dilute nitric acid. After a short time 
beautiful crystals deposit, which are derived from an oblique rhomboid 
prism. This salt dissolves in a small quantity of water ; if the water 
bo in excess, % basic salt is precipitated, and part of tho neutral salt 
remains dissolved by means of the nitric acid liberated. 

If the dilute nitric acid bo left with a great excess of mercury in the 
cold, a condensed salt is formed, which presents large colourless crys- 
tals ; the formula of this salt is : 


[iig-yr' 

k18 

i n <=> ONO s - 


Subsulphate of Mercury 



. — This salt is only used in 


tho preparation of calomel ; in order to obtain it, mercury is con- 
verted into persulphate, which is then triturated with a quantity of 
the metal equal to that already employed. 

Analytic Reactions of Mercurial Salts. — Those salts aro recognized 
by tho following characters : 

1st. With hydrosul phuric acid they give a black precipitate, which 
is insoluble in sulphide of ammonium and in boiling nitric acid. 

2nd. A sheet of copper causes a deposit of mercury with which it is 
amalgamated, becoming white. It regains its original colour when 
heated so as to vaporize tho mercury. If tho operation be conducted 
so that tho vapours aro condensed, quicksilver can be obtained. 

The following characteristics distinguish per-salis of mercury from 
sub-salts of the same metal : 

1st. Caustic alkalies and ammonia in tlio solutions of sub-sails form a 
black precipitate of sub-oxide of mercury, which decomposes almost 
instantaneously into mercury and mercuric oxide : 


(iig‘0) = (ligO) + irg 

Sub oxide of Mercuric Mercury, 

mercury. oxide. 

Tcr-salts, on the contrary, with alkalies, give a yellow precipitate 
of the mercuric oxide, which is stable at tho ordinary temperature. 

2nd. Soluble chlorides and hydrochloric acid cause tho formation of 
a white precipitate of protochloride of mercury in the solutions of sub- 
salts, and . do not affect those of the per-salts. 

3rd. Soluble iodides with sub-salts give a green ish-yollow precipitate 
of prot-iodido, while with per-salts they give an orange-red precipi- 
tate soluble in an excess of tlio mercurial salt or of the alkaline 
iodide. 
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GENERAL REMARKS ON THE RIATOMIC METALS. 

The biatomicity of the metals just spoken of is only manifested if 
wo allow tliom the atomic weights which wo have assigned to them. 
If, on the contrary, tlie old atomic weights were used, the biatomicity 
of these metals would disappear ; hence it is of groat importance that 
our actual atomic weights should be established on a firm basis. 

Those atomic weights aro all based upon the great laws previously 
explained. All methods give corresponding results which corroborate 
each other. 

1st. These atomic weights arc all deducod from Dulong and Petit’s 
law on specific heat, and this without any exception. 

2nd. With the organic radicle ethyl, mercury forms a compound 
which evidently contains two molecules of ethyl, seeing that the 
half, and never less than the half, of this radicle can bo replaced by 
eld or i no, bromine, or iodine. 

Moreover, if after having substituted chlorine, bromine, or iodine, 
for one molecule of ethyl, a second atom of these simple bodies bo 
substituted for the second molecule of this compound radicle, we 
oblain chloride, bromide, or iodide of mercury, in which we thus find 
ourselves constrained to admit two atoms of chlorine, bromine, or 
iodine. This conclusion is also confirmed by the vapour’ density of 
bichloride of mercury, and by the molecular weight thence deduced 
for this compound. 

The bichloride of mercury givos rise to very distinct double decom- 
positions, in which other mercurial compounds of the same degree, 
such as the peroxide and pcr-salts, arc produced. In all these com- 
pounds it is. always the same quantity of mercury which enters into 
the reaction. 

It is true that it is possible to transform the bichloride of mercury 
into protoclilorido. Rut in this transformation a body is obtained in 
which at least the same quantity of mercury, and probably double the 
quantity, acts. 

It results from those facts that the smallest quantity of mercury that 
can be transferred from one combination to another by means of 
double decomposition is equal to 200, or, in other words, that 200 is 
the atomic weight of mercury. 

3rd. Copper hums two degrees of combination which present the 
strictest relations with the mercurial compounds of the same order. 
We thence conclude that these compounds have tlio same formula 
as those of mercury. Henco the bichloride of copper ought to bo 
written (CuCl 8 ), and from this formula the atomic weight 63 for 
copper is deduced. 

4th. The sulphate of copper is capable of forming double sulphates 
with alkaline sulphates. These double sulphates arc isomorphous with 
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the salts of the same nature having for base cadmium, zinc, magne- 
sium, strontium, barium, and probably calcium, though at present, ex- 
perimental proof is wanting for the latter metal : all these salts 
crystallize with six molecules of water. 

The salts of the preceding metals are also isomorphous with 
other salts, such as the simple sulphates, which crystallize sometimes 
with seven, sometimes with five moloculcs of water, and which pre- 
sent the same forms when they contain the same quantity of water. 
With many of them isomorphism is observed between their car- 
bonates, chlorates, bromates, tungstates, etc. 

From the isomorphism existing between the compounds of the different 
metals we have named, we must conclude, according to Mitscherlich’s 
law, that these compounds ought to be represented by similar formulas, 
from which tho atomic weights wo have adopted for these metals are 
deduced, and which arc in accord with tlicir capacity for heat. Thus 
the conclusions drawn from tho vapour densities, those drawn from 
Dulong and 1’otit's law, those drawn from Mitsclierlioh’s law, and 
those based on chemical resemblances, all concur in making us believe 
that the new atomic weights, as well as the biatumicity of tlio metals 
wo have just studied, arc correct. 

Owing to the isomorphism of the compounds of magnesium with 
those of copper, cadmium, zinc, calcium, barium, and strontium, tho 
term magnesian series has been applied to these metals, and certain 
totratomic metals, such as manganese, iron, nickel, and col wilt, have 
been added to this series. These latter bodies form non-saturated sub- 
compounds, which are represented by the same formulae as those 
of tho preceding metals, and are isomorphous with them. Neverthe- 
less, these four metals being completely separated from the others by 
their por-compounds, ought to be placed in a different group ; their 
isomorphism with the true magnesian metals is not the Jess in 
favour of the formula* by which their sub-compounds arc represented, 
and consequently of the atomic weights thence deduced. 


THIRD CLASS (TRIATOMIC METALS.) 

This class contains gold, vanadium, and thallium. Gold alone has 
sufficient importance to require our notice. 

Au'"| 

GOLD 

Atomic weight = 196*5. Prohable molecular weight = 393*0. 

Gold is found native; sometimes crystallized regularly in cubes 
or in octahedra, sometimes in isolated masses which aro called nuggets; 
occasionally it is pure, but generally it is alloyed with silver, pla- 
tinum, rhodium, etc. 
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Metallic meroury is made to act on the ore, and the gold and silver 
are thereby dissolved : on distilling the amalgam, an alloy of these two 
latter metals is obtained ; and this alloy, when heated for twenty-four 
or thirty hours with a mixturo of sea salt and brick-dust, loses almost 
the whole of its silver. The silver passes to the state of chloride, 
whence it is extracted by tho processes which we have described. It 
is probable that in this operation tho silica acts on the sea salt at the 
same time as tho atmospheric moisture, and that hydrochloric acid is 
produced, which causes tho silver to pass to the stato of chloride. 

Tho best method of obtaining perfectly pure gold consists in pre- 
paring tho chloride by dissolving this metal in aqua regia, and pouring 
a solution of proto-sulphato of iron and a little hydrochloric acid into 
the solution of tho salt ; very pure gold precipitates in tho form of a 
brown powder, which may bo aggregated by fusion. 

Gold is yellow, or, rather, rod when the light is reflected sevoral 
times on its surface before reaching the oyo ; when seen by trans- 
mitted light it has a green shade. 

Aqua regia easily dissolves it when hot ; sclenic acid also attacks 
it, but no other acid has any action on it. Chlorine and bromine act 
upon it even cold. 

Gold melts at about 1100°; its density is 19*5; it is the most* 
malleable and tho most ductile of all metals ; its tenacity is less than 
that of iron, copper, platinum, or silver. It is very soft, but may bo 
hardened by hammering : in order to facilitate its working, it is usually 
alloyed cither with silver or copper. 

Gold being triatomie may combine either with tlireo monatomic 
atoms, forming a saturated compound, or with only ono of these atoms, 
giving a non-saturatcd compound. We know : 


Tho protoclilorido of gold And. 

The prot- iodide of gold AuT. 

The pcrchloride of gold Au'"Cl 3 . 

The porbromidc of gold Au"'Br li , etc. 


As an uneven number of atoms of chlorino could not bo replaced by 
oxygon and biatomio bodios in general, two atoms of gold intervene in 
the oxides and sulphides of this metal. Wo know: 


A protoxide of gold . 
And a sesquioxido 
A protosulphide of gold . 
And a scsquisulpliidc. 


Pcrchloride 



■ ■ 

■ • ii\« 

■ ■ £}«■ 

pcrchloride of gold is 


pro- 
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pared by dissolving the puro metal in aqua regia, and then evaporat- 
ing by the water-bath; if the operation be arrested as soon as the 
cooled liquid commences to give crystals, needles deposit, which are a 
compound of hydrochloric acid and chloride of gold. If, on the 
contrary, the heat bo continued until the evaporation is complete, a 
yellow melted matter is obtained, which on cooling forms crystallino 
needles. 

At 160°, the perchlorido of gold loses two-thirds of its chlorine, and 
is transformed into the protoclilorido, insoluble in water ; above 200°, 
this protocliloride is itself reduced, and there remains metallic gold. 

Perchlorido of gold is very soluble in water, to which it gives a 
beautiful yellow colour : on shaking this solution with ether, the 
latter becomes coloured, taking up the chloride of gold, while the 
water regains its original colour. The perchlorido of gold is there- 
fore still more soluble in ether than in water. Light slowly decomposes 
it: metallic gold is deposited on the sides of vessels containing this 
salt. Reducing bodies such as proto-salts of iron, oxalic acid, etc;., 
also decompose the perchlorido of gold, liberating the metal : 


2(a,™-) + «(^}(V) + <■(!!}<>) 

J’ordiloride Sulphate of iron. Water, 

of gold. 


= 

/(SO*? 1 \ 

+ n (oi }) 

+ 

An"' ) 
Au'" j 



Basic persulphate 
of iron. 

Hydrochloric 

arid. 


Cold. 


2 (And 3 ) 

+ <<*£}<>•) 

+ 

■3* ^ 

II 

c ( 

JTh . 

>> 

1’erchloridc of 
gold. 

Oxalic acid. 

Carl ionic 
anhydride. 

Hydrochloric 

acid. 

({old. 


W hen pcrchloride of gold is reduced by means of the protoclilorido 
of tin, the precipitate which forms is not puro gold ; it contains gold, 
tin, and oxygen, and is called purple of Cassius. 

Tho reduction of ehlorido of gold by the skin stains this hitler, 
violet. 

Chloride of gold forms double chlorides with the other metallic 
chlorides ; those which contain alkaline metals are tho best defined ; 
their formulas are : 

(Au"'Cl 8 ,KCl + 5 aq.) = ehlorido of gold and potassium. 

(Au'"Cl 3 ,NaCl + 4 aq.) = chloride of gold and sodium. 

(Au"'Cl 3 ,NH 4 Cl + 2 aq.) = chloride of gold and ammonium. 

These chlorides arc either molecular combinations, or their chlorine 
acts as trivalent. 

With the aqueous solution of perchlorido of gold, ammonia gives an 
explosive precipitate (detonating gold) containing chlorine, hydrogen, 
nitrogen^ oxygen, and gold. 
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When left for some time in contact with ammonia, this compound 
Iorgs all its chlorine and becomes still moro explosive. Its formula 
then appears to bo 

(AirO : ‘,N*IF,IPO) 

Porbromide of Gold (Au^Rr 8 ). — This is obtained like the pcrchlo- 
ride, tliat is to say, by dissolving gold in an aqua regia made with 
nitric and hydrobromic acids ; its properties are similar to those of 
the chloride. 

Frot-iodide of Gold (Au'"I). — The periodide of gold is not known ; 
a prot-iodido of this metal is obtained by double decomposition. 

Sesquioxide of Gold (Au*0 3 ). — When an alkaline hydrate is poured 
into the solution of chloride of gold, no precipitate forms; but if the 
mixture bo boiled, and then saturated with acetic acid, a precipitate is 
produced which, when properly dried, answers to the formula (Au*O a ). 

Sesquioxide of gold dissolves in hydrochloric and hydrobromic acids, 
giving rise to chloride and bromide of gold ; hydrofluoric acid and the 
oxy-acids do not attack it, but it easily dissolves in alkaline hydrates. 
The sesquioxide of gold ought therefore to be considered as an acid 
anhydride. 

The following equations explain the formation of this body : 


(Au'"oi“) + e(f l }o) 

Percliloridc Potash, 

of {.'old. 



Chloride of Water. Aurute or 

potassium. jiotussium. 


2nd. 


( A £ } >') + * cs ! o) - } °) + ( A ?p 1 «*) 


Aurute of Acetic acid. 

JMltiiSsI U1I1. 


Acetate of llydruLc of 

potassium. gold. 



Hydrate of gold. 


Water. 


+ (Au 8 0“) 

Sesquioxide of 
gold, or auric 
anhydride. 


The an rate of potassium (Au'"K 8 () : ‘) crystallizes with three molecules 
of water. 

Protoxide of Gold (Au*0).— This body remains under the form of 
an insoluble violet powder which can be decomposed at 250°, when the 
protocliloride of gold is digested with the alkalies. 


2 (AuC]) + 2(**}0) = 2(^5}) + (H}0) + (a*K>) 

Protochloride Soda. Chloriilcof Water. Protoxide 

of gold. sodium. of gold. 


Protoxide of gold does not enter into double decompositiqp either 
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with acids or bases. There is nevertheless a double hyposulphite of 
gold and sodium, the formula of which is : 



Gold here acts as monovalent, as it also does in all its sub-compounds. 

In this compound the gold is so much concealed that neither sulphate 
of iron nor chloride of tin cause it to be manifested. AVhen the solu- 
tion of this hyposulphite is treated by chloride of barium, a double hypo- 
sulphite of gold and barium deposits, which, when treated by sulphuric 
acid, loses its barium and leaves hyposulphite of gold. 

The double hyposulphite of gold and sodium is used to fix daguerro- 
typo images. 

Sesquisulphide of Gold (Au v S 3 ) and Protosulphide of Gold (Au*S). 
— When a current of liydrosulphuric acid is transmitted through a 
cold solution of pcrcliloride of gold, the latter gives a yellow-brown 
deposit of sesquisulphide of gold. Under the same conditions, the 
boiling solution of pcrchloride of gold gives a precipitate of proto- 
sulphide. 

These sulphides are true acid anhydrosulpliides ; they undergo very 
distinct double decompositions with the alkaline hydrosulphates, and 
are transformed into soluble sulpho-salts, disengaging hydrosulphurio 
acid. 

(A„. S >) + o(g f s) = 2( a '£}s-) + :>(U}s) 

Sesquisulphide Ilydrosulpliatn Sulpli-aurate of IlydroKUlpliuric 

of gold. of poUissiuni. potassium. add. 

Reactions of Salts of Gold.— Gold is recognized in analysos by the 
following properties : 

1st. The pcrchloride of gold is deliquescent, but ether has a still 
greater affinity for it than water ; if its solution in water be shaken 
with ether, the latter extracts the salt from the water. 

2nd. Salts of gold are not precipitated by alkaline carbonates. The 
carbonate of ammonium produces a precipitate which easily detonates, 
and which is known as fulminating gold. 

3rd. The salts of potassium and of sodium do not precipitate them. 

4th. Protosulphatc of iron reduces chloride of gold, especially if a 
little hydrochloric acid be added to the solution ; tho gold is then pre- 
cipitated in the form of a brown powder. 

5th. Salts of gold are freely precipitated by soluble iodides. 

• 6th, Tho protochloride of tin produces a precipitate. W hen the 
solutions are dilute and the protochlorido mixed with a little por- 
. chloride, this precipitate assumes a beautiful purple colour. 
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FOURTH CLASS (TETR ATOMIC METALS). 


ALUMINIUM Al. 

Atomic weight, — 275. Molecular weight unknown. 

Aluminium may be obtained either by decomposing the anhydrous 
chloride of aluminium by sodium with the aid of heat, or by submit- 
ting a solution of the double chloride of aluminium and sodium to the 
action of an electric current. Tn both processes, tho metal must after- 
wards bo agglomerated by one or more fusions. 

Aluminium has a white colour something between that of zinc and 
silver; it is very malleable, very ductile, and possesses very great 
tenacity. It is very sonorous, a good conductor of electricity, and 
melts at a temperature higher than that at which zinc fuses, and lower 
than silver. Its density is 2*o6, which may bo raised to 2*07 by 
pressure. 

Aluminium does not oxidizo directly at any temperature ; it decom- 
poses water at a white heat, producing alumina ; nitric and sulphuric 
acids only attack it at the boiling temperature ; hydrochloric acid dis- 
solves it, on the contrary, with great easo. 

Aluminium dissolves also in tho solution of powerful bases such as 
potash or soda. In this case there is disengagement of hydrogen and 
tho production of an alkaline alurainatc. 

Compounds of aluminium and carbon, and of aluminium and silicon, 
may be obtained, which compounds are analogous to cast iron. 

Aluminium does not amalgamate with mercury ; with copper it 
forms an alloy which possesses tho property of welding at dull red 
heat, like iron. 

There is no compound known into which aluminium enters as a 
single atom. Two atoms of this body always intervene in reactions. 
In consequence, wo might be tempted to allow an atomic weight to 
aluminium double that wo have admitted, but tho isomoiphism of the 
aluminic compounds with the per-compounds of iron leaves no doubt 
of the true formula of aluminic salts, and demonstrates tho existence 
of tho group Al 2 . 

Each atom of aluminium being tetratomic, and two atoms of any 
body whatsoever being unable to unite without exchanging at least 
two atomicities, tho group Al* ought to be, and is, hexatomio. 

Compounds are known which result from the combination of 
aluminium with monatomic radicles, such as chlorine, bromine, etc. : 
those compounds all correspond to the formula (AF'R®) : combinations 
of aluminium with biatomic metalloids, such as oxygen and sulphur, are 
also known. They are represented by the general formula (A1*R # ' 8 ). 
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Combinations of Aluminium with Monatomic Mktalloids. 

Chloride of Aluminium. — This body is prepared by passing a 
current of dry cblorino over small porous pellets formed of oxide of 
aluminium and carbon, heated to redness. 

^A1 2 0 8 ^ + 3C + 3 (^j = 3(CO) + 

Oxide of Carbon. Chlorine. Oxide of Aluminic 

aluminium. carbon. chloride. 

The operation is conducted in an apparatus similar to that used to 
prepare the chloride of silicon, the only difference boing that, on account 
of the slight volatility of chloride of aluminium, the refrigerant appa- 
ratus is replaced by a receiver with a short neck connected by means 
of a socket with the neck of the retort in which the reaction takes 
place. The chloride is condensed in this vessel. 

The porous mixture of aluminic oxide and carbon is obtained by 
calcining a pasto made of oil, carbon, and oxide of aluminium : on 
mixing a snfficiont quantity of chloride of sodium with this paste, 
instead of the chloride of aluminium the double chloride ((APC1 8 ), 
(NaCl)*) is obtained, which is only used in the preparation of 
aluminium. 

The chloride of aluminium crystallizes in colourless lsiminso, which 
are sometimes transparent ; it easily melts, and, according to Liebig, 
boils at 180°; in the air it gives off disagreeable fumes; it is deli- 
quescent, and heat is disengaged when the salt is dissolved in water. 
The aqueous solution of this salt decomposes into hydrochloric acid 
and hydrate of aluminium when wo attempt to evaporate it. 

(A1-01-) + o(£}o) , 6(g[) + (t'lfo-) 

Chloride of Water. Hydrochloric Hydrate of 

aluminium. acid. aluminium. 

This prevents its being prepared by dissolving hydrate of aluminium 
in hydrochloric acid ; hut the hydrated chloride, which however can- 
not be desiccated, is obtained by this method. 

Fluoride of Airimininm (APFl®). — M. Deville has obtained this body 
crystallized in cubes. He strongly heated oxide of aluminium pre- 
viously moistened with hydrofluoric acid and then dried, in a tube of 
graphite protected externally by a stonewaro tube : during the time 
the operation continues, a current of hydrogen ought to be transmitted 
through the tube, in order to carry over the vapours of the fluoride of 
aluminium, which is only volatile at white heat : at the end of the 
operation, beautiful crystals are found on the cold part of the tube. 

The stoppers of the apparatus ought to be of charcoal, luted with 
a mixture of clay and cow’s dung. 

The fluoride of aluminium is insoluble in water. The strongest 
acids have no action on it. 

T 
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Combinations of Aluminium with Biatomic Metalloids. 

Oxide of Aluminium or Alumina (A1*0 8 ).— Alumina exists native, 
crystallized. Corundum is pure alumina, and sapphire and ruby are 
only alumina crystallized and coloured by traces of metallic oxides. 

M. Leville has obtained these bodies by a very elegant process. 

In a charcoal crucible he placed fluoride of aluminium ; upon this 
body ho placed a cupel full of boracic anhydride; ho covered the 
crucible, placed it; in a second earthen crucible, and kept it for an hour 
at a white heat ; after this, on removing the crucible from the fire, and 
cooling, beautiful crystals of corundum were extracted. 

In this operation, the boracic nnhydrido and fluoride of aluminium 
aro mutually decomposed, forming alumina and fluoride of boron. 

(B 2 0 8 ) + (APFF) = 2(BF1 3 ) + (AlW) 

Boracic Fluoride of Fluoride of Oxide of 

anhydride. aluminium. lx>ron. aluminium. 

Corundum crystallizes in the rhomboliedral system. Amorphous 
alumina may be prepared by the calcination cither of ammoniacal alum, 
or of hydrate of aluminium. 

Alumina only fuses before the oxyhydrogen blow-pipe ; it is in this 
manner that M. Gaudin obtained artificial rubies, differing only by 
tlicir opacity from natural rubies: it is not attacked by alkalino solu- 
tions, and even concentrated acids only enter into double decomposition 
with it after a very long time : the corresponding hydrate acting 
either as acid or base, the oxide of aluminium is an indifferent anhy- 
dride. 

Hydrate of Aluminium (Al a (OIT) ,! ). — This is obtained by precipi- 
tating a salt of aluminium by ammonia, collecting on a filter and well 
washing the precipitate produced. It may bo precipitated by potash, 
but in that case it is difficult to wash, and tlio hydrate of aluminium 
obstinately retains traces of potash. 

The hydrate of aluminium is capable of entering into double decom- 
position with acids, giving salts of aluminium resulting from the 
substitution of acid radicles for the typical hydrogen it contains. This 
hydrate also dissolves in alkaline solutions, giving aluminates. It 
therefore acts as base in presence of strong acids, and as an acid in 
presence of powerful bases. 

Ammonia dissolves only a very small proportion of hydrate of alumi- 
nium ; when its ammoniacal solution is left for some time in a stop- 
pered bottle, microscopic crystals are deposited. Hydrate of aluminium 
exists native, and constitutes certain minerals, such as diaspore, gibb- 
site, and hydrargillite. 

Allotropio Modifications of Hydrate of Aluminium. — When water 
holding hydrate of aluminium in suspension is boiled for twenty-four 
houi*s, this hydrate, without changing its composition, ceases to bo 
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soluble in acids and alkalies, and its properties therefore resemble 
those of the anhydride of aluminium 

Besidos this variety, Mr. Graham obtained soluble alumina by sub- 
mitting an aqueous solution of aluminate of potassium to dialysis : 
potash alone passes through the membrano of the dialyser. 

The soluble hydrate of aluminium appears only to be an allotropic 
modification df the ordinary hydrate ; according to Mr. Graham, it 
constitutes a compound much more condensed. 


Double Sulphate of Aluminium and Potassium 


{Alum) (g>>, 


(SO*")*! 
A1 £VI f 


O' + 24 aq.^. — In Italy 


and Hungary thore is found a stone 


called alum-stone, which contains the elements of two molecules of 
sulphate of potassium, two molecules of sulphato of aluminium, and fivo 
molecules of hydrate of aluminium. 

On heating this stone, tlie aggregation of its constituent principles is 
modified, and when lixiviated after tho calcination, alum is dissolved, 
which is crystallized in cuhcs, and very pure. It is known in com- 
merce as Roman alum. 

Alum may be prepared artificially. To effect this, sulphuric acid is 
inado to act on clay, which is a mixture of silicate of aluminium 
and silicate of iron, silica is deposited, and tho sulphates of aluminium 
and iron enter into solution, sulphate of potassium is added to this, 
and on crystallizing, tho alum is separated from tho sulphato of iron, 
which does not readily crystallize. The alum thus prepared always 
contains a little iron, which affects its colour: it is crystallized in 
octahedra. The cubic alum prepared by means of the alum-stone is 
preferred for its superior purity. 

Tho purity of Roman alum is owing to tho presence of tho hydrate , 
of aluminium in tho alum-stone. This hydrate being in reality a 
much stronger base than ferric hydrate, when alum-stono is treated 
by water it enters into double decomposition with the iron salts 
contained in the liquor, hydrate of iron is precipitated, and tho alum 
remains pure. 



Iron ttlum. 


+ 24 aq.) + = 

Hydrate of aluminium. 


( A1*"U SO 2 ” j ()2 
^H e /°y + V(SO*")“ ! ’ K 2 r + 

' , 

Ferric hydrate. Ordinary alum. 



The crystallization in cubes is owing to a small quantity of subsul- 
phate of aluminium being present. If a solution of cubic alum be 
boiled for a long time it will deposit a small quantity of subsul- 
phate of aluminium, and when filtered it leaves octahedral crystals. 
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Knowing the causes which make the Roman alum the purer, and 
determine its crystalline form, it is easy to purify artificial alum and 
to obtain it in the form desired by consumers. For this purpose a 
small quantity of carbonate of potassium is added to a solution of 
alum saturated at 4. p >° ; a little hydrate of aluminium is precipitated. 
This hydrate decomposes the iron salts contained in the solution, 
and besides gives rise to a little subsulphate of aluminfum, so that the 
solution on cooling leaves alum as pure as the Roman alum, and, like 
it, crystallized in cubes. 

However, cubic alum does not always contain the subsulphate of 
aluminium. M. Lowel has found that such crystals maybe entirely free 
from this basic salt. According to him, the cubic form would be owing 
to the catalytic action exercised by the basic salt at the time of the 
crystallization. 

Alum is strongly astringent ; it is much more soluble in boiling than 
in cold water. When heated it undergoes aqueous fusion, and if then 
cooled it assumes a vitreous aspect, and constitutes what is called rock 
alum. If, on Ihe contrary, the heat be continued, the water evaporates, 
the mass swells up, and a white matter is obtained, which rises above 
the crucible in which the calcination is made. This is the burnt alum 
of pharmacy — alum deprived of its 24 molecules of water of crystalliza- 
tion. This alum has an astringent taste and is slightly caustic; it is 
used as such in medicine. 

When heated to a still higher temperature, the alum decomposes, 
the two sulphates of which it is formed are separated, the sulphate of 
potassium remains unaltered, and the sulphate of aluminium is de- 
stroyed, losing the elements of sulphuric anhydride ; after the cal- 
cination the matter therefore consists of a mixture of alumina and 
sulphate of potassium. 

Alums may bo obtained in which tho potassium is replaced by other 
alkaline metals ; they are all isomorphous. That which contains am- 
monium, as its alkalino salt is decomposed by heat, leaves pure 
alumina when calcined. 

Silicate of Aluminium. — This salt in a pure state constitutes kaolin, 
which is used in the manufacture of porcelain; when mixed with ferric 
silicate, it forms tho clays of which the common potteries are manufac- 
tured. The silicato of aluminium is formed by lixiviating folspar rocks, 
which aro really double silicates of aluminium and an alkaline metal. 
Water passing over these locks for a length of time disintegrates them, 
seizing the alkaline silicate and leaving a residue of kaolin or China 
clay. 

Distinctive Characters of Salts of Aluminium.-The salts of alu- 
minium may be recognized by the following properties : 

1st. They aro precipitated by ammonia and the fixed alkalies. The 
precipitate dissolves in caustic potash or soda. Heat assists the 
solution. 
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2nd. These salts are not precipitated by hydrosulphuric acid, but in 
presence of alkaline sulphides they give a precipitate of liydrato of 
aluminium. 

iird. Alkaline carbonates and the amnionic carbonate produoo a pre- 
cipitate that is insoluble in an excess of the reagent. 

4th. If a hot concentrated solution of sulphate of potassium be 
added to an equally hot and concentrated solution of sulphate of 
aluminium, octahedral crystals of alum separate on cooling. 


MANGANESE Mn. 

Atomic weight =. 57. Molecular weight unknown. 

Metallic manganese is obtained by calcining its oxides with charcoal, 
a carbide of manganese is thus produced which, when meltod with a 
little carbonate of manganese, gives Iho pure motal. This metal is so 
brittle that it can be reduced to powder by trituration. Its density 
is 8*013 ; it is almost infusible. At 100° it easily decomposes water; 
in moist air it oxidizes so easily that it ought to be preserved in 
naphtha or in hermetically-sealed tubes. 

The quantities of manganese which enter into combination are equal 
sometimes to one atom, sometimes to two. The compounds only con- 
taining one atom are called proto-compounds, those containing two, 
pcr-compounds (manganous and manganic compounds). Sub-com- 
pounds are seldom saturated; manganese acts in them as bivalent. 
The tetratomicity of this metal is seldom apparent oxeept in the per 
compounds; two atoms united then form an hexatomic group, which 
could not occur unless each atom be allowed a maximum capacity 
for saturation equal to 4 at least. 

Nevertheless, M. Nickles has recently shown that manganese forms a 
chloride corresponding to the formula (Mn ,T Cl 4 ). This chloride lias not 
yet been isolated owing to its great instability, it decomposes into 
bichlorido and chlorine. 

(MnCl*j = (MnCFj + g j. 

Tetrachloride Bichloride of Chlorine. 

of munganc.se. mungaue.se. 

M. Nickles rendered it stable by combining it with ethers. This 
chloride is formed, to be destroyed immediately, when the binoxide of 
manganese is treated by hydrochloric acid. 

(MnO*) + 4(5}) . 2(g }0) + (M.01-) 

Binoxide Hydrochloric Water. Tetrachloride 

of mangunetic. ucid. of manganese. 

The existence of the tetrachloride of manganese places the tetratom- 
icity of this metal beyond doubt. 

The compounds of manganese with monatomic radicles therefore 
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answer either to the formula (MnR' 2 ) or to (Mn*R' e ), or more rarely to 
(Mn ir R' 4 ). 

Biatomio radicles also combine with manganese : the compounds 
answer to the general formula (MnR") when they are sub-compounds, 
and to (Mn 2 R" s ) when they are per-compounds ; moreover, in conse- 
quence of the property biatomic radicles have of accumulating in 
indefinite numbers in molecules, these radicles may combine with 
manganese in much larger proportions than tho two in question ; thus 
four oxidos of manganese are known : 

Tho protoxide (MnO), the sosquioxide (Mn 2 0 3 ), the red oxide (Mn 3 0 4 ), 
and the binoxido (MnO 2 ). 

Resides theso, two kinds of salts arc known : the manganates (MnR' 2 0 4 ) 
and the permanganates (MnR'O 4 ). Tho anhydride corresponding to man- 
ganic acid would be (MnO 3 ), and that corresponding to the permanganic 
acid would be (Mn 2 0 7 ). Those two anhydrides are unknown, as is also 
the manganic acid (MnlTO 4 ), but tho permanganic acid (MnHO 4 ) has 
boon obtained dissolved in water and appears also to exist in a solid 
state. 

The protoxide is a basic anhydride soluble in acids forming salts. 
Tt is obtained by transmitting a current of dry hydrogen over gently- 
heated binoxidc. In order to effect this, the binoxide is generally 
placed in a tube heated by a spirit-lamp. Thus preparod it can be 
preserved in air. 

The hydrate of manganese may be obtained by precipitating a soluble 
manganous salt by an alkali : exposed to tho air this becomes a por- 
hydrato. 

Tho anhydrous sesquioxidc is prepared by gently calcining the 
nitrate of manganese. It is a feeble basic anhydride. Dissolved in 
acids, it gives red por-salts which are very instablo ; but the sulphate 
acquires stability in presenco of alkaline sulphates, with which it com- 
bines, giving salts which erystallizo in the cubic system with 24 
molecules of water. The double salt obtained with the sulphato of 

potassium ought to have for formula (£g 0 a/rp j 0 ®, j O 2 + 24 aq.^. 

Those salts are isomorphous with alums, and have for this reason 
received the name of manganic alums. 

Tho red oxide may be written |° 4 )- This compound may 

therefore be considered as a mixture of the protoxide and sesquioxide. 

Tho binoxide (MnO 8 ) exists native ; it is the ore of nurngmino 
Boiled in hydrochloric acid, it gives water and tetrachloride of manga- 
nese. This latter is destroyed as soon as formed, disengaging chlorine, 
and protoohloride is formed, which is dissolved. If tho solution of this 
chloride be submitted to tho action of an alkaline carbonate it will give 
a precipitate of carbonate of manganese, by means of which all the sub- 
salts of this metal may be preparod. 

The manganate of potassium (MnK 8 0 4 ) is obtained when a mixture of 
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binoxido of manganese and potash is heated in contact with air, or, 
what is better, when the binoxido of manganese is calcined with a sub- 
stance that is capable of yielding potassium and oxygen, like the nitrate 
of potassium. 

The manganate of potassium is green ; alkaline water dissolves it 
without alteration, but puro water, or water with a littlo nitric acid 
added, transforms this salt into a mixture of hydrated poroxide of man- 
ganese and permanganato of potassium : 

s(MnK*0 4 ) + 2(ll*0 ) = (MnO 2 ) + 2(MnK0 4 ) + 4(y) 0 ) 

Manganate of Water. Binoxide Permanganate Potash, 

potassium. of manganese. of potassium. 

When a solution of potassic manganate is exposed to tlio air, the 
carbonic anhydride slowly produces the roaction just indicated, and as 
the colours of the manganate and ponnanganato of potassium are very 
different, a variety of shades are produced which caused this body to 
be formerly called mineral chameleon. 

The permanganate of potassium is obtained by the calcination of a 
mixture of peroxide of manganese, hydrate of potassium, and chlorate 
of potassium. On dissolving in water, filtering through asbestos 
and evaporating in a porcelain capsule, crystals of permanganate of 
potassium are at once observed which answor to the formula (MnKO 4 ). 

The permanganate of potassium, added to solutions of the salts of 
the different metals, gives precipitates. The permanganato of barium, 
thus prepared by double decomposition, leaves the permanganic acid 
when treated by dilute sulphuric acid : 

((Mn0 4 )*Ba") + (S0 4 "IF) = (S0 4 "Ba") -f 2(Mn0 4 H) 

Per mangan ate Sulphuric Sulphate Permanganic 

of barium. acid. of barium. acid. 

Under the influence of potash, tho permanganates aro transformed 
into manganates : 

4 (MnKO 4 ) + 4(5 1 0) = 4(MnK’0 4 ) + 2(ll*o) + JJ j. 

Permanganate Potash. Manganate of Water. Oxygen, 

of potassium. potassium. 

The permanganates of potassium, sodium, barium, strontium, and 
silver, are isomorphous with the porchiorates of tho same metals. 
Soluble permanganates assume a beautiful violet colour. 

Reactions of Salts of Manganese. — The salts of manganeso are 
recognized by the following characters : 

1st. These salts are rose-coloured, and become white when dried. 
2nd. Heated with potash on a sheet of platinum in tho oxidizing 
flame of the blowpipe, they give the green alkaline manganate. 

3rd. Boiled with a mixture of binoxide of lead and nitric acid, they 
give a violet solution duo to the permanganic acid formed. Ihis test 
is very delicate. 
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4th. In solutions of tho salts of manganese, potash and soda produce 
a white precipitate which rapidly darkens on exposure to the air. 

5tli. The soluble alkaline sulphides cause the formation of a flesh- 
coloured precipitate of hydrated sulphide of manganese. This preei- 
pitato dissolves in cold dilute hydrochloric acid. 


IRON Fe. 

A ton iic weight — 56 . Molecular weight unknown. 

The only iron ores worked contain oxides of this metal. These are 
usually mixed with foreign matters (earthy impurities), which are 
sometimes calcareous and sometimes siliceous. 

Oxide of iron may be reduced either by the Catalan method or by 
means of blast furnaces. 

In both methods the oxygen is removed from the metal hy bringing 
tho ore into contact with the oxide of carbon at a high temperature. 
Tbo oxide of carbon is produced by the direct combustion of charcoal 
which is mixed with the oxide of iron. Tho difference between tho 
two methods is as follows : 

In the furnaces, the quantity of calcareous matter requisite to trans- 
form the silica into silicato of lime is added to the ore, in order that iron 
in the state of silicate — which cannot be reduced by tbo oxido of carbon 
— bo not lust. The fusion of the silicato of calcium requires a much 
higher temperature than that at which tho oxide of iron is reduced, 
and at this high teinporaturo tho iron unites with the charcoal, and 
gives cast, or pig iron, which must be kept melted in a strong current 
of air in order to burn the carbon it contains, and to causo it to pass 
to the stale of wrought iron. 

In tbo Catalan method tho temporature is not so high. Instead of tho 
silicate of calcium, silicato of iron, which is much more fusible, is formed, 
ami as the heat never attains the degree at which the charcoal com- 
bines with the iron, wrought iron is at once obtained instead of cast 
iron. This process has one great inconvenience, which is, that it 
causes one part of iron in the state of silicate to bo lost, and conse- 
quently it is only employed for very rich ores. 

We have said that cast iron is a combination of carbon and iron. 
There also exists a less carburettod combination of iron which is called 
steel, and which possesses the property of becoming very hard when 
tempered, it is prepared either hy heating iron with charcoal 
(cemented steel) or by imperfectly burning tbo carbon from cast iron. 

The first method produces steel of the best quality. 

Lately, it has been stated that besides iron and carbon, steel also 
contains a certain quantity of nitrogen, hut this opinion has been 
strongly contested. 

The presence of certain foreign bodies, such as titanium, possesses 
the property of considerably hardening steel. For several years the 
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titanic irons of Australia have been worked in England for tbe manu- 
facture of steel. 

The iron obtained by manufacturers always contains foreign sub- 
stances. In order to procure the pure metal, absolutely pure sesqui- 
oxide of iron is prepared, and reduced by hydrogon. The metal 
must then bo aggregated by heating, or else it is pyrophoric. 

Iron possesses a crystalline texture ; it is sometimes in brilliant 
grains and sometimes iibrous. The latter is preferred, as it has more 
tenacity than the other. 

Iron is tho most tenacious of all metals. It only melts at a very 
high temperature. At a white heat it is sufficiently soft to bo welded, 
a property which is very important in manufactures. 

Iron is not altered either by oxygen or dry air. In moist air it 
oxidizes and becomes covered with nist; tho preseneo of carbonic 
anhydride facilitates this. The oxidation takes place at tho cost of tho 
water, and tho nascent hydrogen unites with tho nitrogen of tho air, 
forming ammonia, with which the rust is always impregnated. 

Iron decomposes water at red heat, liberating hydrogen. At this 
temperature it also unites directly with tho oxygen of the atmosphere. 
Such an oxide constitutes the pieces that are detached from the hot 
metal when it is hammered. When cold, iron dissolves in acids, disen- 
gaging hydrogen. 

With monatomic radicles iron forms two series of compounds : in 
the first, a single atom of this metal intervenes, which in this case is 
never saturated, and though tetratomic, it acts as bivalent. To these 
compounds correspond others of the same order, which are formed by 
tlio union of iron with biatomic radicles. All these compounds are 
sub- or ferrous compounds. 

Iron also forms combinations which do not contain a singlo atom of 
this metal, but tho group Fe*. This group is naturally hcxatomic, 
because the two atoms of iron mutually cxchango an atomicity, as is 
shown in the following figure : 

a 

p~ ~~ o ■ . . 

- • ■ oe mm Z£ > 
b 

in which a and b represent two atoms of tetratomic iron, giving rise to 
the group Fe 8 , in which only six free centres of attraction are found 
instead of oight. 

The group Fe 8 is therefore capable of uniting either with six mona- 
tomic or with three biatomic radicles. The compounds of this order 
are generally called per- or ferric compounds. 

The principal per- and sub-compounds of iron are the following : 
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Ferrous or Proto-Compounds. 

Protochlorido of iron . (FoCl*) 

. (Folir*) 

. (Tel 2 ) 

. (FoFl*) 

. (Foil 2 ) 

. (FeO) 

. (FoS) 


Protobromidc 
Prot-iodide . 
Protofluorido 
Hydride . . 
Protoxide 
Protosulpliide 

Proto salts. . 


Ferric or Per-Compounds. 
Percliloride of iron . (Fe*Cl 8 ) 
Perbromide .... (Fe 2 Br®) 

Periodide (Fe a I 8 ) 

Porfluorido .... (Fe*Fl 8 ) 
Sesqnioxido .... (Fe*0 3 .) 
Sesqui sulphide . . . (Fe*S s ) 

Perhydrate of iron . jo 8 ^ 
Various per-salts . . 


It' being any monatomic acid radicle. 

Owing to tho property biatomic radicles possoss of accumulating in 
molecules, oxygen and sulphur, in addition to the preceding com- 
pounds, form 


Magnetic oxide of iron (Fe 8 0 4 ) 

Feme anhydrido (FeO 3 ) 

Bisulphide of iron (FeS*) 

Magnetic pyrites (Fe 7 S H ) 


SUU-COM POUNDS OF IRON. 

Protochloride of Iron (Fe"Cl a ). — Anhydrous protoehloride of iron 



Fig. 36. 


is obtained by directing a current of dry hydrochloric acid gas (fig. 36) 
through a porcelain tube containing pure iron heated to redness. 

Fe + 2 (ci}) - n} + ( IW ) 

Iron. Hydrochloric Hydrogen. I’rotodilurldo 

acid. of iron. 

The salt condenses in brilliant scales on the sides of the cold part of 
the tube. 

Ferrous chloride is volatile, soluble in water and in alcohol. Its 
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aqueous solution is green, and when evaporated, deposits green 
hydrated crystals (FeCl*+ 4 aq.) Exposed to the air, this solution 
absorbs oxygen, becomes turbid, and its colour yellow ; in this case 
an oxychlorido is formed. 

4(Fo''C 1 8 ) + Q j = 2(WC1 4 0 

Protochloridc Oxygen. Oxyclilorido 

of iron. of iron. 

If an acid and an oxidizing body be caused to act simultaneously on 
the protochlorido of iron, a double por-salt is formed. 

4 (Four) + gf + «(«f}0) 

Protochlorido Oxygon. Nitric acid, 

of iron. 



Tctrachloro-d in Urate of iron. Water. 


Chlorine combines with the ferrous chloride and transforms it into 
ferric chloride : 

2 (Wci a j + | = (Fo'CI 0 ) 

Ferrous Chlorine. Ferric 

chloride. chloride. 

Protobromide of Iron (FeBi 1 *). — Tho properties and tlio mode of 
preparation of this body are similar to tho preceding one, it is therefore 
unnecessary to describe it. 

Prot-iodide of Iron (Fel a ). — Tho hydratod prot-iodide of iron is pre- 
pared for medicinal purposes by triturating 5G parts of iron with 
254 parts of iodine in water : it is bettor to use a larger proportion of 
iron than 5G in order that tho metal be in excess. When tho liquid 
has lost all smell of iodine, it is filtered and rapidly evaporated. On 
cooling, green crystals of iodido of iron are left. 

Tho contact of air must bo avoided as much as possible during this 
process ; the ferrous iodido quickly alters in air, absorbing oxygen and 
being converted into feme oxy iodide. 

Protoxide of Iron (FeO). — When equal volumes of carbonic anhy- 
dride and oxide of carbon are transmitted over red-hot sesquioxide of 
iron, the iron is reduced to the state of protoxide. This body always 
contains a small quantity of the sesquioxide. 

A hydrate of iron is obtained by precipitating a ferrous salt by 
potash : 

(Fe"Cp) + 2 (KOn) = 2(KCl) + (Fo"| [JJJ) 

Protochlorido Putasb. Chloride of Ferrous hydrate, 

of iron. potassium. 
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This hydrate is so unstablo that it cannot bo dehydrated without 
being destroyed. 

Ferrous hydrate is green when precipitated, but it quickly becomes 
yellow and is transformed into magnetic oxide. 

•MSB) + S} - «(2I°) + •M) 

Ferrous hydrate. Oxygen. Water, Magnetic oxide. 

Hydrate of iron is a true base, capable of exchanging its hydroxyl 
for the halogen residue of acids. 

Protosulphide of Iron (FoS).— This body may bo prepared either 
by precipitating a ferrous salt by the sulphide of ammonium or by 
heating a mixture in atomic proportions of sulphur and iron. 


1st. 

MS) + 

GS}0 - 

•("S}) + M) 


l'rotochloridc 
of Iron. 

Sulphide of 
ummonium. 

Chloride of Frotosulpliide 

ummonium. of iron. 

2nd. 

2Fe 

+ 1 } ■ 

2(Ws) 


Iron. 

Sulphur. 

\ / 

Prototmlphidc 
of iron. 


Tho sulphide prepared by the first method is pulverulent, black, and 
easily absorbs oxygen, passing to the state of sulphate. That obtained 
by the second method is hard, brittle, and possesses a metallic lustre. 
In either case tho sulphide of iron is attacked by dilute acids, forming 
a ferrous salt, and disengaging liydrosulpliuric acid : 

M + r;» - + @}.) 

I’rotoBulpliide * Sulphuric add. Ferrous sulphate. llydrosnlphurlc 

of iron. acid. 

A mixture of iron filings and flowers of sulphur moistened, react on 
each otlior at the end of a certain time ; tho reaction is accompanied by 
a great disengagement of heat. If the mixture bo buried not very 
deeply, and if it bo in considerable quantity, the vapour of water 
which forms projects the earth some distance, and sometimes even the 
combination is accompanied by disengagement of light. Lemery 
believed he could account for volcanic action in this manner, and the 
experiment is known as L&nery’s volcano. 

/S0 2 "1 \ 

Ferrous Sulphate ( Fe „> 0 * + 7 aq.J (Protosulphate).— In the labo- 
ratory this salt is prepared by dissolving iron in dilute sulphuric acid, 
concentrating the liquid by boiling, and leaving it to cool for the salt 
to be deposited in crystals. 

In the arts, this body is usually prepared by roasting native 
pyrites (bisulphide of iron). 
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(FeS ! ) + n({jj) = (SO*) + (sFoO 4 ) 

i pyrites. Oxygen. Sulphurous Ferrous 

anhydride. sulphate. 

After roasting it is washed, the liquor left to clear, then decanted, 
suitably evaporated, and the salt is crystallized. 

Certain pyrites absorb oxygen by simple exposure to the air without 
it being necessary to heat them. 

The sulphate of iron thus prepared contains many impurities, among 
which is copper. This is eliminated by placing sheots of iron for some 
time in the solution of the sulphate : the iron is substituted for the 
copper which precipitates. 

Sulphate of iron is known in commorco as green vitriol or green 
copperas. 

Ferrous sulphate crystallizes in greenish oblique rhomboidal prisms, 
which contain seven molecules of water. It has an astringent taste. 
One part of this salt requires for its solution 1*42 of water at 15°, and 
0\‘W of boiling water. It is insoluble in alcohol, but this liquid takes 
from it six molecules of water ; it also loses six-sevenths of its water 
of crystallization when heated to 100°, but it only becomes entirely 
anhydrous at 1100°. 

When calcined, the ferrous sulphate decomposes into sulphurous 
anhydride, sesquioxide of iron, and sulphuric anhydride : it will be re- 
membered that the preparation of Nordhausen sulphuric acid is founded 
on this reaction. 

*<&}*) = (so*) + (so*) + (Fe*0») 

Ferrous sulphate. Sulphurous Sulphuric Sesquioxide 

auhydride. anhydride. of iron. 

Exposed to air, the crystals or the solution of the ferrous sulphate 
absorb oxygon, and give a yellowish ferric subsulphate, which may bo 
decomposed by boiling it with iron. 

The protosulphatc of iron in aqueous solution can only ho preserved 
by the water in which it is dissolved being previously deprived of 
air by boiling, and the solution being carefully preserved from contact 
with air. 

Sulphate of iron when crystallized with seven molecules of water is 
isomorphous with the sulphates of the magnesian series. 


Per-Compounds of Iron. 

Ferchloride of Iron (Fe a Cl 6 ). — The anhydrous porchlorido of iron is 
obtained by transmitting an excess of chlorine over red-hot iron, in 
the apparatus used to prepare the ferrous chloride. 

It may also be prepared by distilling at red boat in an earthen 
retort, hydrated perchloride prepared by the solution of iron in aqua 



286 


PRINCIPLES OF CHEMISTRY. 

regia. In Hie latter case, however, one part of the perchlorido is 
decomposed by water into hydrochloric acid and sesquioxido of iron. 

(fo’CI*) + s(gfo) = 6(g}) + (Fe a O») 

Perchloride Abater. Hydrochloric Sesquioxido 

of Iron. acid. of iron. 

TTydraicd perchlorido of iron may also be procured by dissolving 
per-hydrato of iron in hydrochloric acid. 

ra 0 *) + fi (S}) - ( f '*° 1 *) + «(S}°) 

Ferric hydrate. Hydrochloric Ferric Wutur. 

odd. chloride. 

On evaporating the solution and allowing it to cool, rhombohodral 
lamina) of a beautiful yellow colour are obtained, which answer to the 
formula (Fo a Cl 6 +6 aq). 

Anhydrous ferric chlorido is the colour of the wings of the Spanish 
fly. It is volatile : water, alcohol and ether dissolve it ; water causing 
it to pass to the state of hydrated chloride. Submitted to the action of 
the vapour of water in a heated tube, this body gives crystallized ses- 
quioxido of iron, which is identical with the specular iron found 
native. 

Ferric chloride in aqueous solution is employod in medicine both 
externally and internally as a haBinostatio, on account of tho property 
it possesses of coagulating albumen. 

Ferbromide and Periodide of Iron. — Those bodies may bo obtained 
by combining directly iron with bromine or iodine in excess. They 
are not used. 

Sesquioxido of Iron (Fo'O 3 ). — Tn commerce this body (colcotliar) is 
prepared by calcining ferrous sulphate ; in tho laboratory it is pre- 
pared in preference by heating ferric hydrate. 

Jn nature this body is found crystallized; it is then isomorphous 
with alumina. 

Tho sesquioxido of iron is a basic anhydride. Nevertheless, weak 
acids do not dissolve it ; only strong and boiling acids attack it, trans- 
forming it into ferric salts. 

When finely-powdered sesquioxide of iron is heated in a current of 
diy hydrogen, the oxide is entirely reduced, and iron in an extreme 
state of division is obtained. This iron is pyrophoric, unless it be 
aggregated by heat at the end of tho operation. 

( Fe* VI l \ 

jp > 0®J. — A basic hydrate corresponds to tho 

sesquioxide of iron, the ferric hydrate, which is generally prepared by 
tho decomposition of a solublo ferric compound by moans of ammonia. 

The precipitate which forms must be collected on a filter, and well 
washed. 
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MS) + o ( N S]°) 

Percliloride of Ammonia, 

iron. 



Chloride of Ferric hydrate, 

ammonium. 


Ferric hydrate is still more easily reducible by hydrogen than is 
colcothar. The most feeble acids dissolve it, giving rise to per-salts. 

When calcined, it loses its water and becomes anhydrous. At the 
instant this transformation takes place, the mass becomes incandescent. 
Suspended in a concentrated alkaline solution through which a current 
of chlorine is directed, the ferric hj’drate rapidly passes to the state of 
alkaline ferrate. 

According to M. Fean de Saint-0 illes, when the ferric hydrate is 
boiled for seven or eight hours, it loses a great quantity of water, and 
is converted into a condensed anhydride, tho formula of which is : 

\ 

= (Fu'TPO') 


/ 


O 

o 

I 

\ on 



This new compound no longer presents tho phenomena of incan- 
descence when calcined, and is dissolved with as much difficulty in 
acids as tho anhydrous sesquioxide. 

Mr. Graham has obtained a soluble variety of feme hydrate by sub- 
mitting tho ferric acetate to dialysis. This soluble hydrate appears to 
be a condensed compound. 

Per-Salts of Iron. — These are obtained by dissolving tho ferric 
hydrate in different acids. They may also be prepared by dissolving 
ferrous salts in water and pcroxidizing them by a current of chlorine 
or by nitric acid. In the latter case, if we wish to obtain a neutral 
salt, a certain quantity of the acid, the elements of which are con- 
tained in the salt, must be added to the solution. With an equal quan- 
tity of metal per-salts al ways contain a greater number of molecules of 
the electro-negative group than the sub-salts, because in the latter tho 
atom of iron is only bivalent, while in the former the double atom 
Fe 2 is hexavalont. 

Tho following equation clearly shows tho necessity of adding an 
acid to the ferrous salt which is to be peroxidized. 

>CKW + (VW + 0 - (*}°) + (n&M 

Ferrous sulphate. Sulphuric acid. Oxygen. Water. N sulphate”^ 

When a reducing agent is made to act on ferric salts, they are trans- 
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formed into ferrous salts, and at the same time one molecule of acid 
becomes free. 



Ferric sulphate. Hydrogen. Ferrous sulphate. Sulphuric odd. 


The reducing agents which can produce this result are, among others, 
hydrosulphuric acid, nascent hydrogen, and iron filings. In the case 
of hydrosulphuric acid, the reduction takes place without heat being 
required, sulphur is deposited, and sulphuric acid is liberated; in that 
of iron filings, on the contrary, the solution of the salt to bo reduced 
mush be boiled with this body ; then instead of free sulphuric acid 
ferrous sulphate is formed. 


Compounds of Iron which do not belong to either of the 

TWO PRECEDING S ERIKS. 

Ma gnetic Oxide of Iron (Fo 8 0 4 ).— This oxide is found native, and 
constitutes an excellent iron ore. Natural loadstones are composed 
of it. 

It may be produced artificially by passing vapour of water over red- 
liot iron. 

ore + 4 ( 2 } o) . (JVO-) + 4 (“}) 

Iron. Wuter. Magnetic Hydrogen. 

oxide of iron. 

It may also be prepared by precipitating by ammonia a mixturo of 
protochloride and perchloride of iron, containing quantities of each of 
these bodies corresponding to the weights of their molecules. In this 
case it is necosssaiy to pour the mixture drop by drop into a great 
excess of ammonia. If, on the contrary, ammonia were poured into the 
mixturo, the alkali not being everywhere in excess, ferric hydrate would 
first, precipitate, then ferrous hydrate, and no magnetic oxide. The mag- 
netic oxide ought to bo regarded as a sub-salt of iron jjpnned by the 
second anhydride of tho per-hydrate of the metal acting as an acid. 


( r S}0.) 

- 2(H*0) 

= 

(3W 

Ferric hydrate. 

Water. 


2nd anhydride 
or the perhydrate 
of iron. 

( u*| °*) “ 

+ 

a 

OJ 

Fe” 

■ (£>■) 

2nd anhydride 
of the perhydrute 
of iron. 

Hydrogen. 

Iron. 

« Magnetic oxide 

of iron. 


r 

There exist, in fact, aluminates of iron isomorphous with it, which 
leaves no doubt as to its time constitution. 

Ferric Anhydride (FeO 8 ).— Ferric anhydride is not known, but 
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when a current of chlorine is directed through a concentrated alkaline 
solution holding ferric hydrate in suspension, a red salt is formed, 
which is the ferrate of potassium (FeK*0 4 ), corresponding to the iiian- 
ganate of potassium (MnK*0 4 ). 

Bisulphide of Iron (FeS*) (Pyrites ). — Pyr ites represents a saturated 
per-compound of iron. It is the only one known, and exists native, 
crystallized -sometimes in cubes, sometimes in prisms. Cubic pyrites 
is the most common; it is so hard that it can eut glass, and strikes fire 
with steel. Its density varies from 4*083 to 5*031 according to Dana, 
and from 5*0 to 5*2 according to Rammelsberg. Jt has a metallic 
appoarancc. Simple acids do not affect it, but aqua regia easily 
attacks it. Sometimes this pyrites oxidizes in air, and sometimes it 
cannot be oxidized. The prismatic pyrites always oxidizes with case. 
Heated with charcoal, the bisulphide of iron gives sulphide of carbon 
and protosulphido of iron. 

Magnetic Pyrites (Fe 7 S n ). — This body is found native, crystallized 
in regular hcxahedral prisms. It acts as a magnet, and is of a bronze 
colour. It has not a very constant composition, appearing to result from 
the combination of various sulphides among themselves, without its 
being exactly known what are the sulphides thus combined. 

It may be obtained artificially by heating a piece of iron to whito 
heat, and then plunging it into a crucible full of melted sulphur : 
the pyrites falls to the bottom of the crucible. 

Titanic Iron. — There exists in nature a body called titanic iron, 
which contains iron, titanium, and oxygen. This body is isoiriorphous 
with natural sesquioxido of iron. To explain this isomorphism, the 
titanic iron must be considered as a mixture of sesquioxido of iron 
(Fe*0 8 ) and of an oxide (TiFeO 8 ), which is the same, except that an 
atom of iron is replaced by an atom of titanium. If this interpretation 
be correct, the substitution of an atom of totratomie titanium for an 
atom of iron, and the isomorphism of this product of substitution with 
the ordinary oxide of iron, furnish another proof in favour of tho 
tetratomicity of iron. 

Characters of the Salts of Iron. -Proto-salts are generally green, 
and pcr-salts yellow, they are distinguished by the following characters : 

1st. The ferrooyanide of potassium (yellow prussiate of potash) 
precipitates per-salts of iron blue, and proto-salts white. 

2nd. Tho ferricyanide of potassium (red prussiate of potash) pre- 
cipitates proto-salts of iron blue and does not precipitate per-salts. 

3rd. With proto-salts the alkalies give a green precipitate which 
turns yellow in the air, and with per-salts a reddish precipitate which 
does not alter. 

4th. Hydrosulphuric acid does not act on proto salts, but reduces 
per-salts, depositing sulphur. 

5tli. With both classes of these salts the alkaline sulphides give a 
black precipitate which is very soluble in dilute acids. 
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CHROMIUM Cr. 

Atomic weight = 53-5. Molecular weight unknown. 

Chromium may be extracted from its sesquioxide by means of char- 
coal at the temperature of a strong forge fire. The product always 
contains charcoal, from which it is freed by a second fusion in presence 
of tho sesquioxide of chromium and borax. 

Choinium may also be obtained by heating the perchloride of this 
metal with sodium, and then removing by water tho chloride of sodium 
formed. 

According to M. Washier, chromium may be obtained by reducing 
its perchloride by zinc. 

Prepared by the first process, chromium has a metallic aspect. It. 
is hard and brittle ; its density is equal to G’O ; it becomes magnetic at 
15° or 20°, but is not so at tho ordinary temperature. 

At red heat chromium absorbs oxygen, and passes to tho state of ses- 
quioxide. The acids, and even aqua regia scarcely affect it, but in 
presence of alkalies and of an oxidizing body liko chlorate or nitrate 
of potassium, it passes to tho state of alkalino cliromato. 

Chromium combines with chlorine, forming two chlorides which 
correspond to tho two chlorides of iron. These are : 

Tho protoclilorido OrCl 8 . 

And the perchloride CrK'l 6 . 

It has been stated that there also exists a chloride of chromium 
corresponding to the foimula CrCl 4 ; also a bromide, an iodide, and a 
fluoride, tho formulas of which would be Crlt 8 , It representing bromine 
or one of its congeners. However, these compounds are so unstable 
that up to the prosent time they have not been isolated in a free 
state, with the exception of the fluoride. Unfortunately, this body 
corrodes glass, which renders its analysis and tho study of its pro- 
perties very difficult. 

The true formula of these different compounds of chromium is not 
therefore fixed as yet. It appears nevertheless certain, that they con- 
tain at least four, and perhaps six atoms of the monatomic metalloid 
for one of the motal. 

This supports our views of tho atomicity of chromium, which we 
consider as being more than two. It is true that we remain in doubt about 
this atomicity, and that we hesitate between the Nos. 4 and 6. If 
it were demonstrated that chromium is hexatomic, iron, manganese, 
aluminium, nickel, and cobalt must also bo hexatomic, though they are 
never seen to act with an atomicity greater than 4. Nevertheless, as 
the tetratomicity of these different metals rests, not on the exist- 
ence of the slightly known compounds of chromium of which we 
have just been speaking, but on other important considerations which 
have been previously developed, I have thought it right to regard them 
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as tetratomic, reserving the admission of their hexatomicity if ever 
the formula (CrFl®) of the fluoride of chromium be verified. It must 
be remarked that if iron, aluminium, etc., were hexatomic, the groups 
formed by the union of two atoms of these metals might, nevertheless, 
only be hexatomic. It would suffice for this that the two atoms which 
constitute them should exchange six atomicities instead of two, as the 
following figure indicates : 

t * * zmu " i Ti • 

■ • • Cl — ■ - i — EI 

However, as this hypothosis does not account for the substitution of 
titanium for iron in titanic iron, 1 should prefer to admit that these 
atoms only exchange two affinit ies ; and if the group be only hexatomic 
in appearance, it is simply because each atom has two centres of 
attraction, which in ordinary cases do not act, as the following figure, 
in which the inactivo centres of attraction are designated by the letter 
a, shows. 

a a 


These hypotheses need not bo taken into consideration until the 
formula (CrFl 6 ) of the perfluoride of chromium is surely established ; 
until then we must hold to the tetratomicity of chromium and of its 
congeners, iron, manganese, aluminium, cobalt, and nickel. 

With oxygen chromium forms a series of compounds, which is as 
complete as the series of oxides of manganese, and more so than 
that of iron. In order to show these relations, wo will write these 
three series as they stand in regard to each other : 


Protoxide 

Chromium 

scries. 

. . . CrO 

Munganosc 

scries. 

MnO 

Iron 

scries. 

FeO 

Saline oxide 

. . . (VO 4 

Mn*0 4 

Fc*0 4 

Sesqui oxide 

. . . Cr*0* 

Mn*0* 

Fe’O* 

Binoxide 

. . . CrO* 

MnO* 

wanting 

Anhydride . 

. . . CrO* 

MnO* 

FeO* 

Per-anhydride . 

. . . Ci*O r 

Mn*0 7 

wanting 


The manganic, permanganic, and ferric anhydrides appear here only 
because the acids or salts derived from them are known. The bodies 
themselves are not known in the isolated state. 


Haloid Compounds of Chromjum. 

Protochloride of Chromium (CrCl 1 ). — The protochloride oi chro- 
mium is prepared by causing hydrogen to act on the perchloride healed 
to redness : 

u 2 
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IVrcbloride Hydrogen. Protochloride Hydrochloric 

of chromium. of chromium. acid. 


This body is white, crystalline, and soluble in water. In air its 
aqueous solution absorbs oxygen and gives an oxychloride (Cr a Cl 4 0). 

Perchloride of Chromium (Cr* j Both hydrated and anhy- 


drous perchloridc of chromium may bo obtained. The liydralcd is 
prepared by dissolving the basic hydrate j O 8 ^ in hydrochloric 

acid. 



IVrtiydrult*. of Hydrochloric Water. Perchloride of 

chromium. ucid. chromium. 


It then assumes a green colour and is extremely soluble in water. 
When treated with nitrate of silver it only loses one-third of its 
chlorine at first., but if the solution be boiled the chlorine is entirely 
precipitated. 

Anhydrous perchloridc may be obtained by a method analogous to 
that used in llie preparation of tile perchloride of aluminium. An 
intimate mixture is made of sesquioxide of chromium and powdered 
charcoal; the mixture is kneaded with starch, and the paste thus 
formed is made into pollets and calcined. Thus, small porous masses 
are formed of the sesquioxide of chromium and charcoal, the starch 
becoming carbonized by calcination. 

These balls are placed in an earthenware tube heated to redness, 
and submitted to the action of a current of diy chlorino. Carbonic 
anhydride is produced, which is disengaged, and perchloride of chro- 
mium, which is deposited in the cold part of the tube. 


(<w) + 30 + »( 3 |) - 3(00) + (cvjg) 

Sesquioxide Carbon. Chlorine. Oxide of Perchloridc 

of chromium. carbon. of chromium. 


Anhydrous perchloride of chromium is presenied in the form of 
crystalline scales, whoso colour resembles peach blossom. It is quite 
insoluble in pure water, but if the water contain only 10 j } 0 0 of proto- 
chloride of chromium it will then dissolve and become hydrated. 
This curious fact has been accounted for by supposing that the proto- 
chloride takes the chlorine from a part of the perchloride and p°°°°° 
to the state of hydrated perchloride. The protochloride, formed at the 
cost of the reduced perchloride, would aot. in the same way on a new 
quantity of this latter body, and so on, so that the mass would he 
gradually wholly reduced first into protochloride and then into the 
state of soluble hydrated perohloridc. 
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Combinations ok Chromium with Biatomic Metalloids. 

Protoxide of Chromium (OrO). — This body possesses no interest. 
It is excessively unstable, and cannot be prepared pure. Its corre- 
sponding hydrate is obtained by precipitating the protochloridc of 
chromium by alkalies. 

M + a (n>°) ' 2 (oi}) + (w} 01 ) 

Protochloride Potash. Chloride of Hydrate of 

of chromium. potassium. cliroiuliiin. 

Sesquioxide of Chromium ((-r s 0 3 ). — The sesquioxide may bo 
obtained by a great number of different processes, the most simple 
of which appears to consist in calcining mercurous chromate in ail 
earthen crucible. The mercury and a part of tlie oxygen contained 
in this salt are disengaged, and there remains sesquioxide of chro- 
mium. 



Mercurous Mercury. Oxygen. Sesquioxide 

eliminate. of chromium. 


In ol der to obtain this body crystallized, it must be prepared by trans- 
mitting a current of chloride of chromyl in vapour through a porcelain 
tube heated to redness. 

4(0.0*01*) = 2(Ci*0») + *(£}[) + J-J 

Chloride of Sesquioxide Chlorine. Oxygen, 

chromyl. or chromium. 

The crystals of sesquioxide of chromium have the form of rhoinho- 
hedra isomorphous with crystallized alumina. Its density is then 5*21, 
but its density is lower when in the amorphous state. It melts in the 
fire of a furnace, tunning a hard black crystalline mass. 

The sesquioxide of chromium is green and is used for painting on 
porcelain. Charcoal and chlorine, separately, do not alter it at red 
heat, but a mixture of these two bodies destroys it at a high tempera- 
ture, producing the perchloridc of chromium and carbonic anhydride. 

Acids act on it with difficulty. However, as a hydrate is known 
which corresponds to it and which possesses well-characterized basic 
properties, this oxide ought to be considered as a basic anhydride. 

Perbydrate of Chromium ( f 0° J. — In order to prepare this 

body, chromate of potassium is dissolved in water strongly acidulated 
with hydrochloric acid, and a current of sulphurous anhydride is 
transmitted through the solution. This current must be continued 
during; a sufficient time for the liquid, when plaoed in a stoppered 
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bottle and well shaken, still to retain the sulphurous odour after 
twenty-four hours. 

Under these conditions, and in consequence of the reducing action 
of the sulphurous anhydride, sulphate of potassium and sulphuric acid 
are produced along with hydrated perchloride of chromium, which 
colours the liquid green. 


(W 

+ 

*(§}) + s H 

II 

to 

Css 

3 

Clmn.-ute of 


Hydrochloric Sulphurous 

Sulphate of 

potassium. 


ucid. anhydride. 

potassium. 

+ 

/SO 4 " I 

1I‘ 1 

[ O*) + (Cr*Cl«) + 



Su 1 phuric ueid . Porchloride of 

chromium. 

Water. 


When the transformation of the chromate of potassium is complete, 
ammonia is added to the liquid. Perhydrate of chromium is preci- 
pitated, which must bo collected on a filtor and carefully washed. It 

/OjJvi j \ 

answers to the formula ( jp > O fl + 7 aq. J. 

This compound is soluble in cold alkaline solutions, but if these solu- 
tions be heated it is again precipitated in a different state of hydra- 

( CV v i 1 \ 

H fl |O a + 6aq.l 

Perhydmto of chromium readily dissolves in acids, giving salts of 
chromium. When strongly heated it is dehydrated, and becomes 
incandescent at red heat and transformed into anhydrous sesquioxide, 
which is insoluble in acids. In this property the hydrate of chromium 
resembles the hydrates of iron and aluminium. 

The chromic hydrate and its corresponding salts present interesting 
allotropic modifications : this body takes different shades according to 
which modification of its sulphate it is extracted from; it is grey 
when precipitated from the violet sulphate, and bluish grey when from 
the green. 

Persulphate of Chromium j 0*^. — When oxide of chro- 

mium arising from the desiccation of chromic hydrate at 100° is 
digested in 8 or 10 parts of sulphuric acid, at the end of some days a 
violetrcolourod sulphate is obtained. This salt becomes green when 
its solution is boiled, and red when it is heated for some time to 200°. 

Chlorido of barium only partially precipitates the green sulphate, 
which always retains part of its sulphuryl. 

Chrome Alum (^£7} 0‘ 4- S( £',' | O' + 24 aq.).— Sulphate of 

chromium possesses the property of combining with alkaline sul- 
phates ; double salts are thus formed which crystallize with twenty-four 
molecules of water. These salts, which are isomorphous with alums, 
are therefore called chrome alums. 
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The double sulphate of potassium and chromium is obtained by 
making a mixture of chromate of potassium in aqueous solution, sulphuric 
acid, and alcohol. Tho mixture ought to be made slowly that it may 
not become too hot, otherwise the sulphate of chromium, instead of 
being produced in its violet modification, is produced in its green form 
and gives the green double sulphate which doos not crystallize. If, 
however, the solution of this latter salt be left alone for a considerable 
time it undergoes a molecular transformation and changes to the state 
of violet orystallizable chrome alum. # 

The following equation shows the formation of chrome alum : 


.‘(°sw + o) + *n;io) + »(g}o) 

Chromate of Sulphuric acid. Alcohol. Water, 

potassium. 



Acetic acid. Sulphate of 1'otasBic chronic alum. 

|H>Ljis.siiun. 


On replacing the clirornatc of potassium in this preparation by the 
chromate of sodium or of ammonium, sodic or ammoniacal chrome alum 
Would be obtained. 

Crystallized potassic chrome alum is violet ; it ciystallizes in octa- 
hedra and is isomorplious with the alums of aluminium and manganese. 
Water readily dissolves it, but it is insoluble in alcohol. 

At 80° violet chrome alum is transformed into uncrysfallizable green 
alum. 

Chromic Anhydride (CrO 3 ). — An aqueous solution of bichromate of 
potassium saturated at boiling point is made. On cooling, 100 parts in 
volume of this liquid are added to from 120 to 150 volumes of sulphuric 
acid; the mixture at first becomes heated, and as it cools needles of 
chromic anhydride are deposited. The liquor is decanted; the needles 
are placed between two smooth porcelain plates and submitted to strong 
pressure for two or three days. 

This body always contains a little sulphuric acid. To eliminate it, 
the crystals arc dissolved in water and the solution shaken with a little 
chromate of barium, the sulphuric acid is precipitated as sulphate of 
barium, and an equivalent quantity of new chromic anhydride enters 
into the solution. When this has become clear by standing, it is de- 
canted and crystallized in vacuo. 

Chromic anhydride crystallizes in long needles of a beautiful rod 
colour. ITeat decomposes it into oxygen and sesquioxide of chromium ; 
light acts in the same way, but slowly. 

On account of the great instability of chromic anhydride it is a 
powerful oxidizer. Alcohol reduces it immediately, and can even take 
fire under its influence. Sulphurous anhydride and all reducing 
agents act in a similar manner. 
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Hydrochlo rio acid transforms this compound into water and per- 
chloride of chromium, while chlorine is disengaged. 

2 (go-) + 12(g)) - (Crt) r) + »(g}) + e(gfo) 

Chromic Hydrochloric Perchloiide Chlorine. Water, 

anhydride. acid. of chromium. 


In ]>rosoncc of bases that are readily oxidized, like ferrous hydrate, 
chromic acid is red need and in consequence does not give salts. 

( /< o*" ) \ 

I Oj ^ as Ilut been obtained, but- a whole class 

of salts Tcpresenting tliis acid, in which the two atoms of hydrogen are 
replaced by metals, is known. The neutral salts answer to the formula 


(GrO*"l — (M/ being any monatomic metal). Acid salts may also be 

conceived wliich would answer to the' formula but none 


of them liavo as yet been prepared. 

The most important of the chromates is the chromate of potassium. 


Neutral Chromate of Potassium 


(% }0‘) — The principal ore 


of chromium is a compound to which mineralogists have given 
the name of chrome iron-stone, and which answers to the formula 




When this ore is calcined with half its weight of nitrate 


of potassium, these two compounds react on each other, giving rise to 
chromate of potassium. The halogen residue of nitric acid contained 
in the nitrate of potassium hero acts as a simple oxidizer. 

The resulting mass is treated with water, and as this water, 
besides the chromate of potassium dissolves also silicate of the same 
metal arising from the quartz with which the ore was mixed, nitric 
acid must he added to precipitate the silica. Under the influence 
of this acid, the neutral chromate passes to the state of bichromate, 
which is separated by crystallization. The bichromate of potassium is 
then j^jain dissolved in water, and for 21)7 parts of this salt 138 parts 
of carbonate of potassium are added ; the liquid on evaporating leaves 
beautiful yellow crystals of neutral chromate of potassium. 



Bichromate of potassium. Potnsslc carbonate. Carbonic Neutral chromate 

anhydride. of potassium. 


The neutral chromato of potassium has strong colouring power, so 
that very small quantities of this salt are sufficient to colour large 
quantities of water yellow. 

Chlorinated Derivatives of Chromic Acid. — A compound 
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is known which represents the normal chromic acid in 


which one hydroxyl is replaced by chlorine, the other remaining intact. 
This compound, which is called chromic chlorhydrin, only exists how- 
ever when joined to two molecules of hydrochloric acid, as the formula 


(OrO»'f* 2 (ci)) ex P resses * The hydrochloric acid appears to 

exist here in the same state as the water of crystallization in salts, and 
consequently we need not take it into account in explaining the atomic 
composition of the body. 

Chromic chlorhydrin also containing an atom of typical hydrogen, may 
exchange it for a metal, and form salts. A body of this kind is known 


which contains potassium ; its formula is 



It has been 


improperly called chromate of chloride of potassium. It is obtained by 
boiling chromate of potassium with hydrochloric acid, and on cooling 
the solution deposits beautiful red needles. 


(cMr-p.) + s(JJ[) - (]}}«) + (*,}) + (<.*>•"{<«) 

Neutral chromate Hydrochloric Water. Chloride oi Chromutv of 

of potassium. acid. jiotustiiuiu. chloride of luiluasiuni. 


A compound is also known which results from the substitution of 
two atoms of chlorine for the two halogen residues of the bases which 
act in neutral chromates. This body is improperly called chlorocliromic 
acid; it ought to be named chloride of chroinyl or chromic dicblorhy- 

drin. Its formula is It is decomposed on contact with 

water, producing hydrochloric acid and chromic anhydride. 

(OrO" |{J[) + («}o) . (0rf>>) + 2(2}) 

Chloride or chromyl. Water. Chromic Hydrochloric 

anhydride. acid. 


The chlondo of chromyl is obtained by distilling a mixture of 
melted chlorido of sodium, chromate of potassium, and sulphuric acid. 

Condensed Derivatives of Chromie Acid. — Like polyatomic acids 
in general, and particularly like sulphuric acid, to which it corresponds 
in constitution, chromic acid possesses the property of being condensed. 


It is true that neither the dichromic acid 
to the disulphuric acid is known, 


CrO*" $ 0H \ 




corresponding 


>0 , 

Or°‘" jonj 

nor the trichromic acid 


CrO*" j 0H \ 

CrO*” j® 
i CrO*” | oil/ 

chromic by the substitution of sulphuryl (SO 4 ") for chromyl (CrO "). 


, but we know an acid which only differs from di- 
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( Ci'O*" 
gQ f/ , | OH/ 


Salts also exist which 


are derived either from sulphochromic acid or from the unknown 
dichromic acid, or oven from the triclirornio acid. These are the 
potassic dichromate and the trichromate of tho same metal. 


Potassio Dichromate (Bichromate of Potassium) 


CrO 2 " 


CrO*" JokJ 

We have already seen how this salt is prepared when speaking of the 
neutral chromate of potassium. It is a body which crystallizes in 
beautiful orange-red crystals, which have as great a colouring property 
as the chromate of potassium. 


Potassic Trichromate 


( CrO 2 " 

CrO 2 " 

r (j" 

CrO'" | OK.j 


= (Cr>K*0“).— This body 


is separated in beautiful pearly crystals of a reddish-black colour, when 
a solution of dichromate of potassium in ordinary nitric acid, satu- 
rated at 00°, is left to cool. This body becomes black in tho air, boils 
between 145° and 150°, and has a density of 3*631. 

Perchromic Acid (CrlPO 4 ). — This acid is not certainly known. 
When oxygenated water is made to act on chromic acid, a substance is 
produced to which is attributed tho composition of perchromic acid or 
anhydride ; it is blue, solublo in ether, and very unstable. 

Sulphide of Chromium. — Chromium combines with sulphur and 
forms a sesquisulphide of this metal (Cr*S 3 ). 

Distinctive Characters of the Salts of Chromium. — These salts are 
recognized by the following properties : 

1st. With tho soluble proto-salts, fixed alkalies give a deep-brown 
precipitate which becomes a clear brown. With per-salts they give a 
violet precipitate which is soluble in an excess of the reagent, but 
which is again deposited when tho solution is boiled. 

2nd. Hydrosulphuric acid does not precipitate either the per- or the 
proto-salts. 

3rd. With proto-salts the alkaline sulphides give a black precipitate, 
and with per sails a greyish-green precipitato of per-hydrate. 

4th. All tho compounds of chromium, when calcined with a mixture 
of carbonate and nitrate of potassium, give a soluble chromate of 
potassium. 


COBALT Co. 


Atomic weight = 59. Molecular weight unknown. 

Cobalt may be obtained by reducing its oxide by chavcoal at a high 
temperature ; but it is obtained purer by calcining the oxalate of this 
metal : 

(C*Co"0 4 ) = 2 (CO 2 ) 4- Co. 

Oxalate of Carbonic Cbbalt. 

cobalt. anhydride. 
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Cobalt may also be prepared by the reduction of its ozide by means 
of hydrogen. When the reduction takes place at a relatively low 
temperature, the metal obtained is pyrophoric. 

There is a third process by which cohalt may be obtained, consisting 
in the reduction of the chloride by hydrogen at an elevated tem- 
perature. 

Cobalt is silver-white; it presents a fine grained fracture; its density 
is 8’ 50 ; it is very magnetic and only slightly malleablo. Its fusing 
point is about equal to that of iron ; it can be preserved for any length 
of time in the air and under water at the ordinary temperature ; at an 
elevated temperature, on the contrary, it readily oxidizes. 

This metal unites directly with chlorino, bromine, and iodine. It 
slowly dissolves in sulphuric and hydrochloric acids, disengaging 
hydrogen ; nitric acid attacks it energetically. 

Cobalt combines with two atoms of chlorine, bromine, iodine or 
fluorine, and forms the following compounds : 


Chloride of cobalt CoCl* 

Bromide „ CoBr* 

Iodide „ Col* 

Fluoride. „ CoFl* 


Besides these, when sesquioxide of cobalt is dissolved in hydrochloric 
acid, a red liquid is formed which disengages chlorino on the slightest 
elevation of temperature. It is generally admitted that this liquid 
contains a chloride of cobalt (Co*Cl 6 ). 

With oxygen cobalt forms : 


A protoxide Co() 

A sesquioxide (VO 3 

A saline oxide Co 3 0 4 


/n 0 " | \ 

The hydrate ( jx 2 i ) corresponds to the protoxide. This hydrate 

may exchange its two atoms of typical hydrogen for acid radicles and 
form pioto-salts of cobalt. 


/Co 2 ' 1 1 \ 

A hydrate ^ Jp y ought to correspond to the sesquioxide, but it 

/Co 9vi I \ 

isunknown ; the second anhydride ( J jp > O* J alone exists. The sesqui- 


oxide of cobalt dissolves in acids, especially in acetic acid, forming per- 
salts which are very unstable ; by the action of heat they lose oxygen, 
and are transformed into proto-salts. There are throe sulphides of cobalt 
known, corresponding to three of the sulphides of iron. They arc : 

The protosulphido of cobalt . . . CoS 


The sesquisulphide CVS 3 

The bisulphide CoS 2 


Cobalt can also combine with phosphorus and arsenic. 
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From the preceding remarks, it may be concluded that the tetratomici ty 
of the salts of cobalt is somewhat doubtful, this metal always acting as 
bivalent, and those of its compounds in which it acts with a greater 
atomicity being so unstable that their formula cannot be fixed with 
certainty, with the exception of the sesquioxide, which proves nothing 
on account of the biatomicity of oxygen. 

Nevertheless, as the per-compounds of metals of this series diminish 
in stability the further these metals remove from aluminium to approach 
cobalt and nickel ; as, after all, though t-lieir composition cannot bo 
established with certainty, the analogies of cobalt with iron and man- 
ganese leave no doubt as to the formula of its per-salts, cobalt can 
scarcely be separated from the other metals of this group, and its 
atomicity ought to be considered as equal to four. 

The resemblance between cobalt and iron, and the tetratomicity of 
the first, of these metals, become evident when their cyanogen com- 
pounds, of which we shall speak in organic chemistry, are considered. 

Reactions of the Salts of Cobalt. — The salts of cobalt are recognized 
by the following properties : 

1st. They are all of a reddish colour : one, the chloride, becomes blue 
when heated, and regains its original colour on cooling. From this 
property this salt is used as a sympathetic ink, its blue colour prevail- 
ing in sufficient intensity over the red to enable its diluted solution to 
give invisible characters, which appear blue when heated. 

2nd. In the solution of these salts fixed alkalies give a lavender-blue 
precipitate of proto-hydrate of cobalt. 

3rd. Ammonia produces an analogous reaction, but the precipitation 
is incomplete, and would not take place at all in presence of an excess 
of acid or of an ammoniacal salt. The ammoniacal solution thus 
obtained is not precipitated by potash; but if it be exposed to the air 
after being treated by this alkali it soon deposits hydrated sesqui- 
oxide of cobalt. Cobalt may also be precipitated by the sulphide of 
ammonium. 

4th. Hydrosulphuric acid does not precipitate the salts of cobalt. 

3th. Alkaline sulphides give a black precipitate of sulphide of cobalt 
which is insoluble in acetic acid and in dilute hydrochloric acid. 

6th. Alkaline carbonates produce a rose-coloured precipitate of car- 
bonato of cobalt in the aqueous solution of its salts. 

7th. The compounds of cobalt give a blue bead when heated before 
the blowpipe with borax. 


NICKEL Ni. 

Atomic weight = 59. Molecular weight unknown. 

Nickel is obtained in a metallic state by processes that are absolutely 
identical with those used for cobalt. 

This metal is silver-white ; it is malleable and ductile, very mag- 
netic at the ordinary temperature, but loses this property at 350°; its 
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density is 8'(5Gfi. It is about as fusible as manganese. Charcoal forms 
with nickel a compound more fusible than the pure metal, analogous 
to cast iron. Nickel is not affected by the air; at a high tempera- 
ture it burns in oxygen. Dilute hydrochloric and sulphuric acids 
dissolve it, disengaging hydrogen. Nitric acid also dissolves it. 

Nickel has boon used in the arts for the last few years. It enters ■ 
into the composition of Belgian and Swiss copper money, and also of 
packfonig (German silver), which alloy contains f>0 parts of copper, 25 
of nickel, and 25 of zinc ; it is used in clockwork, etc. 

A single combination of nickel with each of the halogen metalloids 
is known. This combination corresponds to the formula (Nili'*). 
Oxygon unites with nickel in two proportions, and forms the prot- 
oxide (NiO) and the sequioxido (Ni a O J ). A hydrate | O e j corre- 
sponds to the protoxide. The hydrogen of this hydrate can bo replaced 
by acid radicles, and salts of nickel formed, which might be called 
proto-salts. The sosquioxide loses oxygen in presence of acids, being 
transformed into proto-salts, and chlorine is disengaged on its contact 
with hydrochloric acid, giving protocliloride. No salt of nickel cor- 
responding to the scsqnioxide is known. 

The simple sulphate and the double sulphates which nickel forms 
are isomorphous, not only with the sulphates of cobalt, but also with 
the protosulphates of iron and manganese, and with those of the metals 
of the magnesian eories. 

The tetratomicity of nickel is still more difficult to establish than 
that of cohalt. Here we have only a single compound on which 
this tetratomicity can be based, the sesquioxido, an unstable body, 
incapable of forming salts, capable of being considered as resulting 
from the aggregation of several molecules of oxygen, and consequently 
proving nothing. On the other hand, nickel greatly resembles zinc, 
magnesium, etc. It would therefore appear more rational, at first 
sight, to class it among biatomic instead of tetratomic metals. Never- 
theless, as the reasons wo gave when treating of cobalt caused us to 
class this latter body with iron, the great analogy between nickel and 
cohalt compels us also to place nickel among the tetratomic metals, 
observing that if its absolute or true atomicity he equal to 4, its appa- 
rent or manifest atomicity is never equal to more than 2. 

Distinctive Characters of Salts of Nickel. — The distinctive charac- 
ters of salts of nickel are tlie following : 

1st. These salts are of an emerald-green colour. 

2nd. Fixed alkali es produce in their solutions an apple-green preci- 
pitate of hydrate of nickel. 

3rd. Ammonia partially precipitates perfectly neutral salts of 
nickel. If these salts are acid, or contain an ammoniacal salt, am- 
monia docs not precipitate them. When precipitation takes place, 
the precipitate dissolves in an excess of the reagent, and the liquid 
becomes blue. 
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4th. Hydrosulphuric acid does nut precipitate them ; the alkaline 
sulphides produce a black precipitate, which is insoluble in acetic 
acid and in dilute hydrochloric acid. 

6th. The cyanide of potassium produces a precipitate soluble in an 
excess of the reagent. The precipitate will be reproduced if the 
liquid be saturated by sulphuric acid. This property distinguishes 
nickel from cobalt. With salts of the latter metal the cyanide of 
potassium forms a precipitate soluble in an excess of the reagent ; but 
when the precipitate is once dissolved, sulphuric acid does not cause it 
to reappear. 


LEAD Pb. 

Atomic weight = 207. Molecular weight unknown. 

Lead is generally extracted from its sulphide, known under tho 
name of galena. There are different methods of extracting it : 

1st, the ore is imperfectly roasted ; a part of the sulphide is trans- 
formed into sulphate of lead : 

(I’bS) + 2(g)) = (SPbO 4 ) 

Sulphide Oxygen. Sulphate of 

of lead. lead. 

A second part forms oxide of lead and sulphurous anhydride : 

2(PbS) + = 2(SO*) + 2(PbO) 

Sulphide Oxygen. Sulphurous Oxide of 

of leud. anhydride. lead. 

A third portion remains in the state of unattacked sulphide of lead. 

When the oxidation is considered to bo sufficiently advanced for the 
mass to contain the required proportions of oxide, sulphate, and sul- 
phide, the access of air is arrested, and the mass is strongly heated. 
The sulphate and oxide of lead react, on the sulphide ; sulphurous 
auhydridc is disengaged, and metallic lead remains. 


(PbS) 

Sulphide 
of lead. 

+ 

(srbo 4 ) 

Sulphate 
of lend. 

= 2(SO*) 

Sulphurous 

anhydride. 

+ 

2Pb 

Lead. 

(PbS) 

Sulphide 
of lead. 

+ 

2(PbO) 

Oxide of 
lead. 

- (SO*) 

Sulphurous 

anhydride. 

+ 

3Pb 

Lend. 


The lead may also be extracted by entirely transforming the sul- 
phide into oxide by roasting, and then reducing the oxide by charcoal, 
or by directly heating galena with iron, which combines with the 
sulphur and liberates lead. 

Lead is of a bluish-grey colour ; it presents a metallic aspect when 
newly-cut, but readily tarnishes in air. It is soft, and leaves traces on 
paper when drawn along it. 
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The density of pure lead is 11 ‘445, which, instead of increasing by 
hammering, as is the case with other metals, diminishes. Lead cr3*s- 
tallizes in regular octahedra or in pyramids with four faces. These 
crystals may bo artificially obtained. 

Lead melts at 334°, and may be volatilized by the blowpipe. This 
metal is the sixth in rank for malleability, and the eighth for ductility. 
Its tenacity is very slight. 

Melted lead can dissolve a small quantity of oxide, which renders it 
brittle, but it loses this property by being stirred with charcoal whilo 
melted. It may be kept for any length of time in air; a slight layer of 
oxide appears to bo formed on its surface, but this preserves the 
remaining metal against any further oxidation: when heated, lead 
readily oxidizes. 

When lead is left in pure water exposed to the air, the metal absorbs 
oxygen and carbonic anhydride, and gives an hydrated carbonate of 
lead. Soluble salts, especially the sulphate of calcium, prevent this 
reaction taking place, and thereby preserve ordinary water-pipes from 
oxidation. 

Hydrochloric acid and dilute sulphuric acid do not perceptibly 
affect lead, but concentrated sulphuric acid attacks it, disengaging 
sulphurous anhydride and forming sulphate of lead. The best solvent | 
for lead is nitric acid. 

Lead easily combines with mercury and forms an amalgam, which 
is cither liquid or solid, according as tlio mercury or lead pre- 
dominates. 

Lead is tetratomic. It can combino with four molecules of two 
organic monatomic radicles, methyl and ethyl ; wo know : 

Lead-ethyl (Pb(C*H 8 )' 4 ). 

Lead-methyl (PbfOIl 8 )' 4 ). 

The formula of these compounds is not doubtful ; the fourth part of 
ethyl or methyl therein may be replaced by chlorine or by iodine, which 
would be impossible if they contained less than four molecules of these 
radicles. 

With simple monatomic bodies, lead always acts as bivalent, which 
means that it is never saturated. There exist : 


A chloride of lead PbCl 8 . 

A bromide PbBr* 

An iodide PbJ*. 

A fluoride PbFP. 


Lead also combines with biatomic metalloids : it forms a single 
compound with sulphur, the sulphide of lead Pb"S. 

It combines in different proportions with oxygen. We find four dis- 
tinct oxides : 
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Tho suboxide Pb*0. 

Tho protoxide Pb"0. 

Minium or red load Pb a 0 4 . 


And the binoxide (plumbic anhydride) . . . rb ,v O\ 


In the t wo last of these oxides lead acts with its maximum atomicity. 

/l»b")OII\ 

A con do used hydrate I [O I to which salts correspond, is 
\Pb" )0II/ 

classed with the protoxide. The simple hydrate ^ Pb" j qjj^ has no ^ 

yet been obtained, but a great number of salts are known which 
result from the substitution of acid radicles for tho typical hydrogen 
of this base. 


Haloid Compounds of Lead. 

Chloride of Lead ^l'b" j J. — The chloride of lead may be pre- 
pared by healing the oxide of lead with hydrochloric acid. A white 
powder is thus obtained, which when dissolved in boiling water crys- 
tallizes on cooling in beautiful acieular crystals having a silvery lustre. 
Tin’s salt may also be prepared by adding hydrochloric acid or a 
soluble chloride to the cold solution of a salt of lead. 


1st. (l*l.o) 

+ 

•<a f) 

= (rb"ci 2 ) 

+ (Jf}0) 

Oxide of 


Hydrochloric 

Chloride of 

Water. 

lead. 


ucld. 

leud. 


2 nd. ( Pl>" 

| ONO 2 ' 1 
\ ONO 2 , 

\ 4 . o/'Na i 

) + -Veil 


•) + MS) 


Neutral nitrate of Chloride of Sodic nitrate. Chloride of lead, 

lead. sodium. 


Chloride of lead is very sparingly soluble in cold water, but more so in 
boiling water; alcohol does not dissolve it at all. 

(. -hlonde of lead molts at red heat, and if heated still higher emits 
abundant fumes. AY lien melted and cooled, it forms a translucent 
mass which may bo cut by a knife. 

In the arts, compounds of chloride and oxide of lead, oxychlorides, 
the exact atomic composition of which is unknown, are used for paints. 
These products all have a yellow colour. 

Bromide of Lead (Pbllr*). — This is obtained by double decom- 
position by means of a soluble salt of lead and a soluble bromide ; it 
is insoluble in alcohol, very slightly soluble in cold, but more soluble in 
boiling water. Like tho chloride, it crystallizes in beautiful scales 
from a saturated solution in boiling water. 

Iodide of Lead (Pbl 1 ).— This is prepared like the bromide and the 
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chloride, with the exception that in the reaction a soluble iodide is 
substituted for the chloride or bromide. 

Iodide of lead is yellow, insoluble in alcohol, very slightly soluble 
in cold but more roadily in boiling water. When this solution is 
cooled, the salt ciystallizes in beautiful golden-yellow scales. Melted 
in the air, it is transfonned into an oxyiodide, losing iodine. "When 
heated with exclusion of the air, it becomes reddish yellow, then 
brick red, then brownish rod, and it finally melts into a liquid of tho 
same colour, which on cooling becomes a yellow solid. Iodide of 
lead combines with hydrochloric acid, with the iodides of potassium 
and ammonium, etc., forming double salts : with ammonia it forms the 
iodide of plombo-diammonium ([Pb"IT 6 ls *]!*). 


Combinations ok Lead with Diatomic Mktalloios. 

Sulphide of Lead (PbS) ( Galena ). — This is the most, abundant ore 
of load. Sulphide of lead can also be obtained artificially by causing 
hydrosulphuric acid to act on the solution of a soluble salt of lead. 

( iv {iS!J) + (!!! s ) ■ -Cnl°) + ( fw ) 

Neutral sulphate Hydrosulpburic Nitric acid. Sulphide 

of leud. acid. of lead. 

The sulphide of lead prepared by double decomposition, constitutes 
a black amorphous powder. Galena, on the contrary, crystallizes in 
the cuhic system. Its crystals are of a bluish-grey colour and possess 
a metallic lustre. Its density is from 7 • 25 to 7 • 7 ; it melts at red heat 
and can even he slightly volatilized. 

We have already seen that when galena is roasted, sulphurous anhy- 
dride is formed and oxide and sulphate of lead ; we have also seen that 
galena when heated with either oxide or sulphate of lead, and pro- 
tected from the air, gives sulphurous anhydride and metallic lead. 

Neither hydrochloric acid nor dilute sulphuric acid attack galena ; 
but the latter acid when concentrated yields oxygen to tho galena, 
which passes to the state of sulphate, and the acid is decomposed into 
water and sulphurous anhydride. 

Dilute nitric acid transforms galena into nitrate of lead, with de- 
position of sulphur arising from the hydrosulphuric acid which is first 
formed, and which the nitric acid afterwards decomposes. 

(PbS) + afSfo) - (rb”{8S$ + (iif s ) 

Sulphide Nitric ucid. Nitrate of lead. Hydrosulphuric 

of lead. acid. 

If the nitric acid be concentrated, a part of the deposited sulphur 
becomes oxidized, sulphuric acid is formed, and this acid precipitates 



306 


PRINCIPLES OF CHEMISTRY. 


an equivalent quantity of load in the state of insoluble sulphate. The 
same products are Iherefore obtained as with the dilute acid, with the 
addition of the sulphate of lead. If the acid is at the maximum of 
concentration, all the sulphur passes to the state of sulphuric acid, and 
in consequence only the sulphate of lead is obtained. 

Galena is often argentiferous ; the ores richest in silver are those 
crystallized in small crystals. 

Besides the sulphide of lead (PbS), there appears to exist a sulphide 
(Pb*S) and another sulphide (Pb 4 S). The former sulphide is formed 
during the metallurgic treatment of galena. It may also bo prepared 
by melting two atoms of lead with one atom of sulphur. The latter 
sulphide is obtained by calcining 100 parts of galena with 84 parts 
of lead. 

Protoxide of Lead (PbO). — When lead is heated in air, a yellow 
powder is formed, which is called massicot, and which is protoxide of 
lead. Massicot is also formed when carbonate or nitrate of lead is 
submitted to careful calcination. If massicot be melted, it crystallizes 
on cooling, and is then called litharge. 

Oxide of load assumes various shades ; for instance, if litharge be 
heated, instead of remaining reddish yellow, it becomes bright yellow, 
regaining its original colour on cooling. Litharge decomposes alkaline 
salts, liberating caustic alkali ; for this effect it is necessary that the 
oxide of lead bo in excess. When litharge is boiled with a highly- 
concentrated solution of potash, it is dissolved. When the liquid 
cools, the oxide is again deposited in very heavy small crystals. 

The protoxide of lead melted and submitted to a red heat absorbs 
oxygen, which, like motallic silver, it gives off on cooling. If heated 
in an earthen crucible, it combines with the silica contained in this 
crucible, forming a fusible silicate, and speedily penetrates and destroys 
tho crucible. 

Protoxide of lead enters into double decomposition with acids, and 
gives very stable salts of lead, it is therefore a basic anhydride. We have 
just seen that it can also dissolve in alkaline liquids and sometimes act 
as acid anhydride. Nevertheless, its basic are very much stronger 
than its acid properties. 

I When protoxide of lead is heated for a long time in air without 
! being melted, minium is formed. 

Hydrate of Lead ^Pb j q^. — This hydrate is not known, but 

there is a large number of salts corresponding to it, the most im- 
portant of which are the sulphate, nitrate, chromate, acetate, and car- 
bonate. 


( gO 8 " i \ 

Pb" I ®*r — 1“ manufactories where woven goods 


are printed, acetate of aluminium is prepared by precipitating the 
sulphate of aluminium by acetate of lead ; sulphate of lead is formed in 
this reaction as an accessory product. 
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Alunifnic sulphate. Acetate of lead. Acetate of aluminium. 



Sulphate of lead. 


Sulphate of lead forms a white powder, which is insoluble in water, 
and slightly soluble in acid liquids. Ammoniacal salts dissolve it, 
entering into double decomposition with it. Of all the salts of am- 
monium, the tartrate is the best solvent of the sulphate of lead. 

Sulphate of lead cannot be decomposed by heat alone, a property which 
clearly distinguishes it from the sulphates of all the ordinary metals. 
Iron, zinc, and charcoal reduce it. With charcoal, the sulphate of load 
is converted — according to the proportions in which these two bodies 
are mixed, and the greater or less rapidity with which the}" are heated, 
— into sulphide or sub-sulphide of lead, or even into motallic load ; in 
the two latter cases sulphurous anhydride is disengaged. 

Boiled with a solution of carbonate of sodium, sulphate of lead is 
converted into carbonate, while the sodium passes to the state of 
sulphate. 

If a mixture of one molecule of sulphate of lead and half a molecule 
of lime bo moistened and loft alone, hydrate of lead is formed which 
can bo dissolved in acetic acid and transformed into acetate. 


Nitrate of Lead joNO*)* — ^ 1,s n i trafce is prepared by dissolv- 
ing metallic lead or its oxide, in boiling nitric acid. The salt, being 
very slightly soluble in acid, is precipitated as it is formed. It is dis- 
solved in water and crystallized. 

Nitrate of lead dissolves more readily in hot water than in cold. 
Alcohol does not dissolve it. Heat decomposes it into oxygen, hypo- 
nitride and oxide of lead. When boiled with oxide of lead, it is trans- 


formed into a basic salt, answering to the formula 

M8BD + («>) + (SI?) - 



Neutral nitrate of Oxide* of Water. Basic nitrate of lead, 

lead. lead. 


Heated with metallic lead and water, it is transformed into a nitrite 
with a great excess of metal. This nitrite, submitted to the action of 
a current of carbonic anhydride, gives carbonate and neutral nitrite of 
lead. 





/Fb" { 0N0 

1st. 


+ 2 Pb = 

fe 8 



\ Fb* { OXO 


Neutral nitrate 

Lead. 

Triplumblc 


of lead. 


nit-i Ue. 
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2nd. 


Pb" JONO' 

ib iO 

, Pb'' loNO. 

Tiiplumblc 

nitrite. 


+ 2 ^ 00 *) 


Carbonic 

anhydride. 


■(SSW + MSB) 

Carbonate Neutral nitrite 

of lead. of lead. 


Chromate cf Lead 0*)— Chromate of lead is prepared from 

the acetate < f lead and potassic chromate or biohromate by double 
decomposition. 


(%>•) + ( 
Cimmiate of 
potaHsiuui. 




Ac.tute of lead. 


Chromate of lead. 


Acetate of 
potassium. 


Chromate of lead is found native as a red substance crystallized in 
oblique rhomboid prisms (the red lead of mineralogists). 

Artificial chromate is of a beautiful yellow colour, used by painters 
under the namo of chrome yellow : if heated to redness it melts, and 
on cooling becomes a reddish mass. 

When instead of precipitating the neutral chromate of potassium by 
the neutral acetate of lead, liquids which are not neutral are precipi- 
tated, the precipitate has a variable colour. The colour may also be 
varied according to the temperature at which the precipitation takes 
place. Generally the redder the chromates of lead the more are they 
charged with metal. 

Neutral Acetate of Lead ( Fb" < + 3 aqj. — When lead is 

left to the simultaneous action of air and the vapour of acotic acid, a 
basic acetate of lead is formed, which when dissolved in acetic acid in 
excess, gives a liquid which on evaporating deposits beautiful crystals, 

whose formula is ^ Pb" j qq 2 j{;<q + 3 aq.^ 

The same salt may be obtained by dissolving litliargo in acetic acid. 

The neutral acetate of lead is extremely soluble in water. Ammonia 
does not precipitate it, because with the salts of lead this alkali gives 
not the hydrate, but sub-salts of lead, and the sub-acetates of lead are 
soluble. 

The aqueous solution of neutral acetate of lead readily dissolves 
litharge when hot, and in this case either a simple bibasie salt or 
polyplumbic salts form. All these salts, when submitted to the action 
of a current of carbonic anhydride, give a precipitate of carbonate of 
lead, while the neutral acetate of the same metal is reformed. 


MS) + (™) + (h«) - MoT°) 

Neutral acetate of lead. Oxide of Water. Bibaafc acetate 

lcnd - (di-acetate) of lead. 
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2 ( f>b "{on li '°) + (“■) 

Pi-acetate of lead. Carbonic 

anhydride. 


(“» + (>*■« 

Carbonate Neutral aevtato nf 

of lead. 


+ H 2 0. 

Water. 


ffeutral Carbonate of Lead 



Native carbonate oflead 


is 


found in crystals of the fourth system, in the laboratory this body is 
obtained in the form of a fine white powder, by precipitating a solution 
of carbonate of sodium by a solution of acetate of load. Carbonate of 
lead (white lead), being much used by painters, is manufactured upon 
a largo scale. It is obtained by two processes : one, the Dutch method, 
is old ; the modern method was discovered by Thenard, atid is the 
Olichy process. In the Dutch method a jar containing a sheet of lead 
coiled in a spiral form is filled with vinegar, lightly covered with a 
plate of lead, and imbedded in decomposing dung, at a toinporaturo of 
35° or 40°. The coil of lead is thus submitted to the simultaneous 
action of air, vapours of acetic acid and of carbonic anhydride, which 
latter is produced from the decomposing hot-bed. 

Under the influence of the air and vinegar, the lead first becomes 
covered with basic acetate, which on contact with carbonic anhydride 
forms neutral acetate and gives carbonate of lead ; from time to time 
the layers of carbonate adhering to the coil of metal are detached, and 
washed to free it from the acetate it contains. It is then dried and 
powdered. 

In the Cliehy process, litharge is dissolved in acetic acid so as to 
obtain the triplumbic acetate. 


/ Ph " -JOCTFO 

nr if) 

loCTTO 


rb" 


+ 



The solution of this salt is submitted to the action of a current of 
carbonic anhy dride, two molecules of oxide of lead arc separated in the 
state of carbonate, and neutral acetate is reformed. 



Triplumbic acetate. Carbonic 

anhydride. 


*(£}»■) + 


Carbunuto of lead. 


Neutral acetate of lend. 


This neutral acetate when boiled with litharge furnishes a fresh 
quantity of triplumbic acetate, which is again brought to the state of 
neutral carbonate, so that with the exception of inevitable leas by 
waste the same quantity of acetic acid serves for any length of time. 
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The Clichy white lead is inferior as a pigment to that prepared by 
the Dutch method, because it is composed of transparent crystalline 
particles, but if it bo boiled with a little carbonate of potassium it will 
be found equal to the Dutch pigment. 

The workmen who manufacture white lead are exposed to the 
dangers of lead-poisoning (see Characters of Salts of Lead). Messrs. Pallu 
and Delaunay have introduced such improvements in their manufactory 
at Portillon, near Tours, that in this establishment these accidents no 
longer occur. 

Under the influence of heat, carbonate of load is decomposed into 
oxide of lead and carbonic anhydride. 

(re'} 0 ') - (<»•) + ( Pb "°) 

Carbonate of Carbonic Oxide of lead, 

lead. anhydride. 

It dissolves in acids, disengaging carbonic anhydride, water and a 
Kilt of lead being formed. 

(Sfo.) + .(*<?[<>) , (00) H- (iv{gg) + (!}o) 

Carbonate of Nitric ucid. Carbonic Nitrate of lead. Water, 

lead. anhydride. 

Sulpliu retted hydrogen blackens it like all the other salts of lead, 
forming sulphide of lead, which causes painting by white lead to be 
readily affected. To restore its original colour it has boen recommended 
to submit the painting blackened by sulphuretted hydrogen to the 
action of oxygenated water. The sulphide of lead is thus changed 
into sulphate, which is white like the carbonate. 

obtained by preci- 
pitating a soluble salt of load by potash. The hydrate of lead is soluble 
in seven thousand limes its weight of water; alkalies in excess readily 
dissolve it. It is white, but when heated it loses water and is trans- 
formed into an anhydrous protoxide of a red colour. 

Binoxide of Bead (Plumbic Anhydride) (PbO 2 ). — Minium, as we 
shall sec, may be considered as a plumbate of lead. When treated by 
acids it yields the elements of protoxide of lead, and a puce-coloured 
powder remains, which, when washed and dried, constitutes plumbic 
anhydride (L*b()*). 

The samo body is prepared by causing hypoclilorous acid to aot on 
the protoxide of lead suspended in water. 

Rinoxide of lead is an acid anhydride ; it combines with bases and 
gives crystallized salts. M. Fremy, by heating this body with potassic 
hydrate, has obtained a crystallized plumbate of potassium, to which 
ho attributes the formula (Pb0 2 ,K 2 0 + 3 aq.), but it would be better to 


/Pb” iOH\ 

Diplumbic Hydrate I ( 0 I. — This body is 

\rb" )on/ 
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write 


/r*n \ 

ite it I K*V O 4 + 2 aq. L bringing it to the type of normal plumbic 
/Tb lv ) \ 

acid ( j £4 [ OM. Heated with an acid, plumbic anhydride leaves its 


oxygon and is transformed into a salt of lead ; consequently a mixture 
of plumbic anhydride and sulphuric acid is a strong oxidant. 


*(*“■)•+ 2 (nH 0 ') ■ + s(S}o) + »} 

Plumbic Sulphuric acid. Sulphate of Water. Oxygen, 

anhydride. lead. 


Minium or Saline Oxide (Fb s 0 4 ). — This oxide may bo regarded as a 
salt dorived from the normal plumbic acid by the substitution of Pb"* 


for li\ 


(h"} 01 ) - »(h}) + 2l ' b " * (w-! 0 *) 

Humble acid. Hydrogen. Lead. IMiunbate of 

lend (minium). 

Minium may bo prepared by mixing the potassic solution of plumbic 
anhydride and protoxide of lead ; the minium precipitates in a hydrated 
stale. 

In manufactures minium is obtained by the simultaneous action of 
air and heat on the protoxide ; thus prepared its composition varies. 

Minium is of a beautiful rod colour ; it is used in painting. 

Distinctive Characters of Balts of Dead. — The soluble salts of load 
are recognized by the following characters : 

1st. Hydrochloric acid produces a white precipitate, which ammonia 
does not dissolve nor alter in colour. It dissolves in boiling water, 
and is deposited in crystalline scales on the cooling of the solution. 

2nd. Hydrosulphuric acid causes tlie formation of a black precipi- 
tate of sulphide of lead, which is insoluble in the sulphide ot ammo- 
nium, and is attacked by boiling nitric acid, which transforms part of 
it into soluble nitrate and part into insoluble sulphate. 

3rd. Sulphuric acid precipitates these salts whito. The precipitate 
dissolves in the tartrate of ammonium. 

4th. With salts of lead, soluble chromates give a yellow precipitate, 
soluble in potash. 

5th. Fixed alkalies give rise to a white precipitate, soluble in an 
excess of the reagent. 

Action of Dead on the Animal Economy. — The compounds ot lend 
exercise a deleterious action on the animal economy. Poisons exposed 
to this action undergo morbid phenomena, which vary in intensity . 

The first stage of poisoning is the painter’s colic — violent pains in 
tlie intestines. The second consists in the extension of these pains info 
the limbs, and especially, into the articulations (load arthralgia)- n 
the third stage paralysis of Ihc limbs is produced, whici is is 
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manifested in the extensor muscles of the forehand. In some cases 
wasting of the brain with dementia occurs, which generally proves 
fatal. 

In less serious cases the poisoning is treated by purgatives to facili- 
tate the elimination of the poison, followed by tonics. The use of sul- 
phuric acid in a diluted form is also advisable ; and, as prophylactics, 
sulphur baths and great personal cleanliness are recommended to 
workers in lead. 


PLATINUM Pt. 

Atomic weight = 197. Molecular weight unknown. 

Until recently the metallurgic treatment of platinum was by means 
of solution. The ore was mechanically freed from any earthy matters 
it might contain, and then acted on by aqua regia which dissolved the 
platinum and a little iridium. The solution was then decanted, eva- 
porated almost to dryness, and precipitated by a concentrated solution 
of chloride of ammonium. The precipitate of double chloride of am- 
monium and platinum thus produced was washed with diluted alcohol, 
and then calcined. There remained a spongy mass of platinum (spongy 
platinum), which was reduced to powder, and then made into a paste 
with water. This paste, when pressed in an iron cylinder, gave a com- 
pact metallic mass, which was then heated to redness, and aggregated 
by beating with a hammer at this high temperature. 

In 1801 M. Doville published a very important work on the metal- 
lurgy of platinum, in which ho substituted an entirely new method. 

100 parts of ore, mechanically freed from its impurities, are melted 
with an equal weight of galena (sulphide of lead) ; the iron contained 
in the ore seizes the sulphur of the galena, and the platinum is alloyed 
with the liberated lead. 50 parts of lead are then added to the melted 
mass, and the heat continued, stirring until the action is complete ; the 
tomporatnre during this operation ought to be at least equal to the 
fusing point of gold, or oven somewhat higher. AY hen the process 
has thus far advanced, air is blown into the crucible, the sulphur 
passes to tlio state of sulphurous anhydrido, which is disengaged ; 
part of tho galena passes to the state of lead, which unites with the 
platinum alloy ; while tho iron and copper, which were in the state of 
sulphide, form oxides on the surface. When sulphurous anhydride is 
no longer disengaged, two parts of binoxide of manganese and about 
ten parts of glass aro added to tho mixture, and a fusible scoria is 
formed containing manganese, iron, copper, and glass. The mass is 
then allowed to cool, the crucible is broken, and the alloy of platinum 
and lead, which is easily separated from tho scoria, is extracted. 

This alloy is then placed in a porous cupel made of burnt bone, which 
is itself placed over a crucible full of coke with a hole in its lower part ; 
the crucible and cupol are then heated in contact with air in a special 
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furnace, and the lead is oxidized and passes to the state of litharge. This 
melts, passes through the pores of the hone cupel, and falls on to the 
coke ; there it is reduced, and metallic lead remains, which runs out 
through the lower part of the crucible. This operation (cupellation) 
gives crude platinum, which still contains small portions of lead, 
osmium, iridium, and rhodium. The metal is placed on a small bed of 
lime, and melted by means of the oxy hydrogen blowpipe, and kept 
melted until it disengages neither the vapour of lead nor the odour of 
osmium. 

Platinum thus obtained contains iridium and rhodium, but. this alloy 
is superior to pure platinum for most purposes, as it is harder and 
resists a higher temperature. 

In this process about 10 kilogrammes of oro are usually operated 
on at once. 

In order to obtain perfectly pure platinum, the platinum of com- 
merce must bo dissolved in aqua regia and lime added in the dark ; 
the iridium is precipitated in the state of oxido; then the liquid must 
be filtered, and the platinum precipitated by means of chloride of am- 
monium. This precipitate is washed and calcined, and spongy plati- 
num remains, which can be employed in this state to prepare the 
different platinum compounds. 

Platinum can also be obtained in the; form of a Llaek powder (plati- 
num black) by heating an alcoholic solution of potash with bichloride 
of platinum until effervescence ceases. The black powdor which 
deposits ought to be washed, first with alcohol, next with hydrochloric 
acid, then with potash, and finally with water. 

The aggregated platinum is of a bright white colour, but it is not 
so white as silver. Platinum ranks third in ductility and fifth in 
malleability; a platinum wire of two millimetres in diameter breaks 
under a weight of 124 kilogrammes. 

Platinum is harder than silver, but not so hard as copper or iron ; 
its density is from 2P15 to 21*47. It is found native crystallized in 
hexaliedra, and is isomorphous in several of its compounds with iridium 
and osmium. 

Platinum resists tho highest heat of the forge, but it may be oasily 
melted by the oxyhydrogen blowpipe : at red heat it can be welded 
like iron. 

Platinum does not oxidize at any temperature; nitric acid does not 
attack it, unless it be alloyed with silver; aqua regia dissolves it, 
causing it to pass to the state of chloride. Potash and lithia cause tho 
oxidation of platinum, and a fusible alkaline platinate is formed. 
This oxidation is especially rapid in presence of nitrate of jiotasshmi. 
Soda causes oxidation less readily than the other two alkalies. 

Bisulphate of potassium also attacks platinum when hot, but bro- 
mine and iodine do not affect it; chlorine combines with it slowly. 
Phosphorus and arsenic combine with it when hot, funning a fusible 
phosphide and arsenide: when a phosphuretted organic matter is 
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heated in a platinum crucible, the crucible is quickly pierced by the 
phosphorus set free. 

Sulphur also can combine with platinum by the aid of heat if the 
metal bo in the spongy state. 

In presence of charcoal, silica transforms platinum into a fusible 
silicide ; therefore a crucible of this metal ought never to be heated 
directly in a charcoal fire, or else the silica contained in the charcoal 
will destroy the crucible. 

Finely-powdered platinum unites with mercury : this amalgam may 
be obtained by reducing a platinic compound by electricity in presence 
of mercury. 

Platinum can act by catalysis even when it is laminated ; but this 
property is manifested with the greatest intensity by spongy platinum 
and platinum black. We have already seen how spongy platinum 
determines the ignition of hydrogen, and in organic chemistry wo 
shall see that platinum black is used to oxidize a number of sub- 
stances. 

Platinum is tetratomic ; it forms two series of compounds, in one of 
which it only takes part with a value of substitution equal to two; in 
the other it acts with its maximum capacity for saturation. Thus there 
exist: 

A protochloridc of platinum PtCl* 


A tetrachloride . PtCl 4 

A totrabromido PtBr 4 

A prot-iodide PtT* 

A tetr-iodide Ptl 4 


The tetrachloride and totrabromido of platinum can unito with the 
alkaline chlorides, bromides, and iodides, giving double chlorides, the 
formula of which is : 

(PtCl 4 , 2 MCI). 

The tetrachloride of platinum is obtained by dissolving the metal in 
aqua regia and evaporating to drive off the excess of acid. It readily 
dissolves in water, alcohol, and ether ; it molts when heated, and if it 
be strongly heated, it decomposes first into chlorine and protocliloride, 
and then into chlorine and platinum. The double salts it forms with 
alkaline chlorides arc almost insoluble in water and quite insoluble in 
alcohol. At red heat they decompose into alkaline chloride, platinum, 
and chlorine. The double chloride of platinum and ammonium leaves 
a residue of platinum only, on account of tho volatility of the chloride 
of ammonium. 

There also exist two sulphides of platinum, a protosulphide (PtS), 
and a persulphide (PtS 2 ). They are obtained by double decomposition, 
by causing hydrosulpliuric acid to act on tho corresponding chlorides. 

(!•«•) + s({J}s) = «(£}) + (W) 

Ferckloritle of llydrosulphurii Hydrochloric- tVrsulphide 

platinum. acid. arid. olplaiimjm. 
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These sulphides dissolve in alkaline sulphides, and in consequence 
act. as acid an hydro-sul ph id es . 

Two oxides of platinum, corresponding to the two sulphides, arc 
known; the protoxide (PtO) and the peroxide (PtO*). The first is 
obtained by the action of potash on the protochloride, and the second 
by the action of the same alkali on the tetrachloride ; but these oxides 
being soluble in alkalies, the solution ought afterwards to ho precipi- 
tated by an acid. A hydrate corresponds to oach of these oxides ; that 
answering to the protoxide (the protohydrate) has not been analyzed ; 
/TV' ) \ 

its probable formula is ( jj* [ 0* J ; the formula of the perhydrate corre- 
sponding to the peroxide is | 0 4 j. 

The typical hydrogen of these hydrates can bo roplaced either by 
acid radicles, in which case salts of platinum are formed, or by alkaline 
metals, when platinates are formed. These hydrates are therefore 
both acids and bases, and their anhydrides ought to he considered as 
indifferent oxides. 

Reactions of Salts of Platinum. —The salts of platinum are recog- 
nized by the following characters : 

1st. Hydrochloric acid does not precipitate them. 

2nd. Ilydrosulphuric acid forms a precipitate soluble in the alka- 
line sulphides, and insoluble in hydrochloric or nitric acids employed 
separately, but soluble in aqua regia. 

3rd. In their solutions when not too dilute, the chloride of ammo- 
nium and the chloride of potassium form j’ellow precipitates ; even with 
dilute solutions the precipitate is formed if a little alcohol be added. 


GENERAL REMARKS ON THE TETRATOMIC METALS. 

AVo have soon that this class contains all bodies the atomicity of 
which is somewhat doubtful. The following questions may be asked : 

1st. Why not make iron, aluminium, manganese, nickel, cobalt, and 
chromium hexatomic, resting on the existence of the fluoride of chro- 
mium (CrFP) ? 

2nd. Why not follow in regard to zinc, cadmium, magnesium, cal- 
cium, strontium, barium, copper, mercury, etc., the same reasoning as 
in regal'd to nickel, and not consider their real atomicity as equal 
to 4, their apparent atomicity being only 2? Could not the isomor- 
phism of their compounds with those of nickel, cobalt, iron (ad ham- 
mum ), etc., be used in favour of this opinion ? 

3rd. Why should we not consider platinum and palladium as having 
a real atomicity equal to G, basing our opinion on the incontestable 
analogies of platinum and palladium, and on the isomorphism of the 
compounds of platinum with those of iridium '■ J will successively 
answer these three questions. 
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1st. I do not take the fluoride of chromium (CrFF) into account, 
because its formula does not appear to me to be established. 

2nd. I cannot consider magnesium, zinc, etc., as tetratomic. In fact, 
mercury not forming part of the magnesian series, nothing can make 
its atomicity 4. Hut copper has such analogies with mercury that 
these two metals must bo allowed to have similar atomicities ; and the 
isomorphism of tlio other magnesian metals with copper, leads us to 
call these metals biatomic, just as their isomorphism with iron and 
nickel loads us to consider them as tetratomic. It is possible that, some 
of them ought to be considered nearer nickel than copper, but we have 
no means of knowing this, and therefore are obliged to keep to the 
apjwiren t atomic i ty . 

Moreover, the isomorphism of two given compounds is not conclu- 
sive as to the presumable existence of compounds of an order higher 
than those acknowledged to bo isomorphous. Thus, it would not bo 
correct to say : salts of zinc are isomorphous with proto-salts of iron, 
pcr-salts of iron exist, therefore per-salts of zinc must exist, or at least, 
if these salts are unstable, the atomicity of zinc, like that of iron, is 4. 

M. Marignac has shown that two bodies are isomorphous when 
they contain the same numbor of simple atoms similarly arranged, 
whatever may bo the atomicity of these latter. Thus he has shown 
that two compounds containing the same number of atoms are isomor- 
phous, though ono may contain fluorine and the other oxj'gen. 

Therefore, it may easily he conceived that the protosulpliate of iron 

(^Fo" } 7 a< b) anc * 8U ^P^ lllte z * nc | O 2 4- 7 aq.^ are 

isomorphous, because they contain the same number of simple atoms, 
without being obliged to allow the same atomicity for zinc as for iron. 

3rd. Tlio preceding considerations on isomorphism also answer the 
question relative to the atomicity of platinum. Certain compounds of 
this metal may be isomorphous with compounds of the same degree 
formed by iridium, without the atomicity of platinum being equal to 6. 
Nevertheless, 1 should not be surprised if some day new facts wore dis- 
covered which would oblige us to admit tho hexatomicity of platinum. 


FIFTH CLASS (PENTATOM1C METALS). 

Up to the present time this class docs not contain any metal. 


SIXTH CLASS (HEXATOMIC METALS). 

We have seen that molybdenum, tungsten, iridium, rhodium, and 
ruthenium are arranged in this class. None of tbeso metals possess 
sufficient interest for a detailed description to be given of them. 
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GENERAL REMARKS ON TITE OXIDES. 

Preparation. — 1st. When tie body to be oxidized possesses the pro- 
perty of combining directly with atmospheric oxygen, as is the case 
with sulphur, phosphorus, zinc, iron, potassium, etc., tho oxide is pre- 
pared by the direct combust iow of the body in air. 

2nd. When tho body to be oxidizod does not combine directly with 
oxygen, it is heated in presence of oxidizing agents, such as nitric acid, 
and then either a hydrate is produced, if the oxide to be prepared is an 
acid anhydride like the oxide of tin ; or if tho oxide be a basic anhy- 
dride like tho greater part of the metallic oxides, a nitrate is produced. 
On calcining the hydrate or nitrate, an anhydrous oxide is obtained. 

3rd. The carbonate of the metal of which tho oxide is to be obtained 
is calcined, carbonic anhydride is disengaged, and the oxide remains as 
a residue. The alkaline carbonates and those of barium and strontium 
alone cannot be decomposed by heat. 

4th. A chloride or any other soluble salt is precipitated by an alka- 
line base, and there remains either a precipitate of oxide, as takes place 
with the salts of silver, which is collected and washed ; or else a pre- 
cipitate of hydrate, which must be washed and calcined to bring it to 
the state of anhydrous oxide. 

5th. A peroxide is heated in a current of hydrogen gas to reduce 
it to a lower state of oxidation. Protoxide of manganese is thus pre- 
pared from the peroxide. 

6th. Certain peroxides are obtained by the action of oxj’genated 
water on the protoxides. 

Classification. — Oxides have been arranged in five classes : 

1st. In the first are placed the basic oxides, or, according to the 
proper expression, the baric anhydrides . 

2nd. Jn the second wo find tho acid oxides, or, to use a better term, 
the acid anhydrides . 

3rd. The third contains the oxides acting sometimes as acid anhy- 
drides, and sometimes as basic anhydrides : they are called indifferent 
oxides . 

4th. Tho fourth class contains the oxides that may )>e considered as 
true salts, in which a part of the metal appears to bo substituted for 
the hydrogen of a hydrate of the same l>ody, acting as an acid ; such is 
the magnetic oxide of iron (Fe 3 0 4 ), which may be regarded as resulting 
from the substitution of one atom of iron for two of hydrogen in tho 

hydrate O 4 . These are called saline oxides . 

5th. In the fifth class, chemists place those oxides which are neither 
basic anhydrides nor acid anhydrides, but which can be transformed 
into basic anhydrides by the loss of a portion of their oxygen, and 
sometimes into acid anhydrides by the addition of another quantity of 
oxygen : these may bo called peculiar oxides. 
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A sixth class ought to bo added to theso, which should contain all 
tho oxides that cannot be classed in any of the preceding. Among the 
number of these would be the oxide jof carbon, the protoxide and 
binoxide of nitrogen, etc. 

Action of Different Agents on the Oxides. — 1st. Action of Heat. — 
With the exception of the oxides of platinum, rhodium, iridium, palla- 
dium, ruthenium, and mercury, which can be decomposed by heat alone, 
the metallic protoxides resist the highest temperatures that can be pro- 
duced. The higher oxides are often reduced to a lower degree of 
oxidation. 

Among the oxides of the metalloids, some resist the action of heat, 
while others are decomposed. Water is decomposed at 2500° under 
the influence of heat alone. 

2nd. Agtjon of Light. — Certain oxides, fixed in the tissues, are 
modified under the influence of light, without our being able to deter- 
mine in what the modification they undergo consists. 

3rd. Action of Electricity. — The electric current, when sufficiently 
powerful, decomposes the oxides. Sometimes the products of the 
decomposition arc the two elements of the oxide, as is seen in tho 
electrolysis of water ; sometimes these products are oxygen and an 
oxide that is loss oxygenated than the first, as in tho ease of carbonic 
anhydride, which is transfonned into oxide of carbon and oxygon. 

As the metallic oxides aro mostly insoluble in water, and as those 
which can be dissolved pass to tho state of hydrates, tho action of elec- 
tricity on these bodies has not as yet been tried. It might perhaps be 
tried on those that are fusible by maintaining them at the point of fusion 
during the passage of the current. It cannot, however, be doubted 
that electricity would decompose them as it decomposes tho most 
stable hydrates. 

4th. Action of Oxygen. — Oxygen is either without action on tho 
oxides, or it causes them to pass to a higher state of oxidation. An 
example of the latter mode of action occurs in the transformation of 
the protoxide of barium into binoxide of the same metal, and in the 
combustion of the oxide of carbon. 

5th. Action of Hydrogen. — Hydrogen has absolutely no action on 
the protoxides of alkaline metals, alkaline earths or earths. Under the 
influence of a gentle heat, it reduces the protoxides of most of the other 
metals, liberating the metal. Tho protoxide of manganese, however, 
resists its action. 

In acting on the peroxides of the metals whose protoxides aro not 
affected by it, hydrogen reduces these bodies to the minimum of oxida- 
tion. Thus by means of a current of hydrogen the binoxide of manga- 
nese is transformed into protoxide. 

Certain highly-oxygenated oxides, such as the sesquioxide of chro- 
mium, resist the action of hydrogen. 

6th. Action of Carbon.— Carbon has a reducing action still more 
powerful than that of hydrogen ; it seizes the oxygen of oxides to form 
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either carbonic anhydride or oxide of carbon ; and the radiclo of these 
oxides remains either in a free state or in a lower state of oxidation. 

7tli. Actjon of Chlorine. — Chlorine has very little action on ihe 
oxides of metalloids ; at the most it only combines with some of them 
which are not saturated. On acting on these latter in presence of 
water, it can also cause them to pass to a higher state of oxidation. 

Chlorine acts differently on metallic oxides, according as the action 
takes place in presence of moisture or not. 

Chlorine, when dry, displaces oxygen, and a chloride is formed : 

2(CaO) + 2(£]}) = 2(CaCP) + gf 

Oxide of Chlorine. Chloride of Oxygen, 

calcium. calcium. 

In presence of water several cases may occur ; sometimes a mixture 
of chloride and chlorate is formed : 


6 (n}°) + 

Hydrate 
of {Kitiissium. 


•’(SI) - (T|°) + 

Chlorine. Chlorate of 

]K>tuiuiiiin. 



Chloride of potasniuin. 


sometimes a mixture of chloride and hypochlorite : 



Water. 


*®}o) + SI - (?}o) + (!!» + (g}) 

Hydrate Chlorine. Hypnclilarifc Water. Chloride of 

of potassium. of putaMtrium. poim*mm. 


Sometimes the chlorine is simply added to t.ho oxide, forming an 
unstable compound, which is destroyed by all acids with liberation of 


the chlorine. 



(CaO) 

, Cl) 

+ Clf 

= (C'aOOl*) 

Oxide of 

Chlorine. 

Chloride of culcyl 

calcium. 


(chloride of lime). 


The action of bromine and iodine is precisely similar to that of 
chlorine. 

8th. Action of Sulphur. — The oxides of metalloids contain a radicle 
that is either more or less easily oxidized than sulphur. In the first 
case the sulphur seizes the whole, or at least a portion of the oxygen 
of the oxide, which is reduced. In the second case the sulphur pro- 
duces no reaction whatever. 

When sulphur is made to react on basic oxides the affinity of sulphur 
for the metal causes the decomposition of a part of the oxide, and a 
metallic sulphide is formed. A second part of the sulphur unites with 
the oxygen the oxide has lost. Thus a certain quantify of an acid 
anhydride is produced, which, on reacting on a portion of the undocom- 
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posed basic anhydride, furnishes an oxygenated salt of sulphur. When 
the operation is performed with dry materials and under the influence 
of heat, if the oxygenated salts of sulphur which tend to bo formed 
are stable, they are effectively formed ; if they aro instable, all the 
oxygen is eliminated in the state of sulphurous anhydride, and the 
whole of the metal remains in the state of sulphide. Finally, if 
the metallic sulphide be itself instable at the temperature at which the 
reaction takes place, only sulphurous anhydride and free metal are 
produced. These three kinds of reactions are expressed by the follow- 
ing equations : 

1st. 4(BaO) .+ 2(J = 3(BaS) + (SBaO 4 ) 

Baryta. Sulphur. Sulphide of Sulphate of 

barium. barium. 

2nd. 2(CuO) + 1 1 = (CVS) + (SO*) 

Oxide of Sulphur. Subeulplilde Sulphurous 

copper. of copper. anhydride. 

3rd. 2(l’t(>) + ®| = 2Pt + ?(S0‘) 

Peroxide of Sulphur. Platinum. Sulphurous 

platinum. nnhydridc. 

When the operation is conducted in the presence of moisture, there 
is formed a sulphide and an oxygenated salt of sulphur, as in the first 
reaction, but instead of a sulphate, a hyposulphite is formed : 

3 (jnr*} °*) + 2 (s}) = 2 (^" s ) + 3 (h}°) + ( s,Ba0 ’) 

Hydrated oxide Sulphur. Sulphide Water. Hyposulphite 

of barium. of barium. of barium. 

Selenium and tellurium present a complete parallelism with sulphur 
in their reactions on the oxides. 

9tli. Action of Phosphorus. — The action of phosphorus is analogous 
to that of sulphur. Phosphorus seizes the oxygen of the unstable 
oxides of the metalloids, and does not react on those which present a 
certain stability. It decomposes metallic oxides, forming a phosphide 
and an oxygenated salt. When the operation is conducted in the dry 
way, this oxygenated salt is always a phosphate ; by the moist way, a 
hypophospliite is produced, and phosphuretted hydrogen is disengaged. 
The formation of a phosphide is no longer observed here, because these 
bodies are decomposed by water. 

With the exception of nitrogen, which has no action on the oxides, 
the congeners of phosphorus appear to act in the same way as phos- 
phorus itself. 

10th. Action of Metals. — The metallic oxides are decomposed by 
metals that are more electro-positive than those they contain : a simple 
displacement is then produced : 
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(MO) + M' 

Metallic More 

oxide. positive 

metal. 


(M'O) + M 

Oxide of Metal 

more positive (less positive) 

metal. 


The oxides of metalloids are decomposed in an analogous manner bv 
metals, only the metallic oxido formed unitos witli a portion of tlie 
negative oxide that has remained intact, and an oxygenated salt, of the 
metal is produced. 

11th. Action of Water. — Directly or indirectly, most of the oxides 
arc capable of entering into combination with water, or of giving rise 
to the phenomenon of double decomposition. Bodies arc then pro- 
duced which have received the name of hydrates. These hydrates 
represent a molecule of water or several molecules of water condensed 
into one, in which a part of the hydrogen is replaced by another radicle. 
In anhydrous oxides, on the contrary, the hydrogen is wholly re- 
placed : 


m 

(!>H 

Hydrate of 

Anhydrous 

potassium. 

oxide oi iKitasKiimi. 

(«}c) 

((V'o) 

Hydrate of 
calcium. 

Anhydrous 
oxide of calcium. 


Certain peculiar oxides of metals, tho protoxides of which under 
the influence of water give very stable hydrates, are decomposed by 
that liquid, and brought to the minimum of oxidation. This is tho 
case with the peroxides of potassium and sodium. 

Certain n on-saturated oxides can decompose water, seizing its oxygen. 

All oxides are insoluble in water, with the exception of alkaline 
oxides and alkaline earths. 

12th. Action of Bases. — Bases do not act on basic anhydrides; with 
acid anhydrides they give rise to salts, setting free water : 

2 (n}°) + ( s ° a ) = (SKW) + 0i*o) 

Hydrate of Sulphuric TYitassic Water, 

potassium. anhydride. sulphate. 

1 3th. Action of Acids. — Acids have no action on acid anhydrides. 
Tn presence of basic, anhydrides they form salts, liberating water. 

K n h}°) + (l}°) - KT! 0 ) + (!!!») 

Nitric acid. Anhydrous Nitrate of Uafe-r. 

oxide, of poinssium. potassium. 

The different species of salts resulting from the action of acid anhy- 
drides on "water or on bases deserve to be studied separately. 

Nitrates. — Nitrates are obtained by dissolving metallic oxides or 
carbonates in nitric acid. All arc decomposed by heat, leaving as 

Y 
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a residue either a metallic oxide, or a metal in a free state if the 
oxide be instable when hot. Alkaline nitrates leave a residue of 
nitrite when moderately calcined. All neutral nitrates are soluble in 
water. 

The nitrates deflagrate on red-hot coals. Heated with sulphuric 
acid, they disengage vapours having the odour of nitric acid ; if copper 
bo added to the mixture, binoxide of nitrogen is produced, which on 
contact with air is transformed into red vapours of hyponitride. 

If a nitrate in solution be mixed with a solution of protosulphate of 
iron strongly acidulated with sulphuric acid, a colour is produced 
which varies from roso to brown, according to the concentration of 
the nitralc. 

With soluble nitrates, the sub-acetate of lead in aqueous solution 
gives a white precipitate of sub-nitrate of lead answering to the 
Pb"j 

formula (NO 2 ) > 0*. It is vory slightly soluble in water. 

Nitrites. — Nitrites are obtained by moderately heating nitrates. 

It is not known whether with the sub-acetate of lead nitrites give a 
sub-nitrite of lead like the nitrates. 

These salts also possess the property of deflagrating on burning 
coals. 

With sdlphuric acid they give rise to a development of red vapours, 
without its being necessary to add copper to the mixture. 

Hcatod with a solution of sal-ammoniac, they disengage nitrogen, 
which arises from the decomposition of the nitrite of ammonium which 
is first formed. 

Neutral nitrites are all soluble in water. 

Phosphates.-- -With the exception of the alkaline phosphates, all 
neutral phosphates are insoluble. Acid phosphates, on the contrary, 
readily dissolve. 

With the nitrato of barium, the solutions of phosphates give a white 
precipitate soluble in water acidulated with nitric or hydrochloric 
acid. 

The salts of lead produce a white precipitate of phosphate of lead. 

Nitrate of silver gives a clear yellow precipitate, soluble in ammonia 
and in dilute nitric acid. 

Salts of copper give a dirty-blue precipitate. 

The phosphates give a granulated precipitate with the soluble ammo- 
nio-magnesian double salts. 

When a phosphate is heated with a solution of molybdate of am- 
monium acidulated with nitric acid, a yollow precipitate is produced. 
This reaction is very perceptible. 

Phosphites.— The soluble phosphites are obtained by saturating 
phosphorous acid by bases, and the other phosphites by double decom- 
position. 

Alkaline phosphites alone are soluble in water. The solutions of 
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phosphites reduce certain metallic oxides, especially in prose m-e of 
hydrochloric acid. The red mercuric oxide, for instance, is thus 
reduced to the metallic state. Phosphites disengage pliosplnn cited 
hydrogen when calcined, and are transformed into phosphates. 

Nitric acid and chlorine cause tho same transformation. When 
heated with a solution of molybdate of ammonium in hydrochloric acid, 
phosphites give a blue colour resulting from tho reduction of tho 
motybdio acid. 

Hypophosphites. — Hypophosphites are obtained by heating phos- 
phorus with a powerful base in presence of water. 

They all decompose by beat, leaving a residue of phosphate. Nitric 
acid and chlorine produce the same transformation. 

The hypophosphites also reduce tho salts of palladium, causing a 
deposit of metallic palladium. 

The same reaction takes place with salts of silver. Tho liquid 
from which tho metal is separated contains a phosphate in solution. 

Arseniates. — Alkaline arseniates only are soluble in water. The 
salts of barium, with soluble arseniates, give a white precipitate of arse* 
niate of barium, which is soluble in acidulated water and in tho solu- 
tion of hydrochlorate of ammonia. 

Sulphuretted hydrogen transforms arseniates into sulplio-arseniatcs. 
On saturating the liquid afterwards with hydrochloric acid, a yellow 
precipitate of sulphide of arsenic is obtained, which is soluble in alka- 
line sulphides and in ammonia. With free arsenic acid, hydro- 
sulphuric acid gives this precipitate direct, hut it requires a long time* 
to form. 

With soluble arseniates, nitrate of silver gives a brick-red precipi- 
tate of arseniato of silver. 

Sails of copper cause the formation of a dirty -blue precipitate. 

When introduced into Marsh’s apparatus, arseniates give rise to 
arseniuretted hydrogen, by the combustion of which specks of arsenic 
can be collected. 

Arsenites. — Alkaline arsenites only are soluble in water. Solutions 
of arsenites slightly acidulated with hydrochloric acid give, under the 
influence of sulphuretted hydrogen, a yellow precipitate of the trisul- 
phide of arsenic, which is insoluble in acids and soluble in alkaline 
sulphides and in ammonia. 

In solutions of tho arsenites, salts of barium produce a white pre- 
cipitate, soluble in hydrochloric acid and in chloride of ammonium. 

The salts of copper give a precipitate of arsenite of copper of a 
beautiful green colour. 

Nitrate of silver gives rise to a clear yellow precipitate of arsenifo 
of silver. 

W hen introduced into Marsh’s apparatus, arsenites give rise to the 
same reaction as arseniates. 

Sulphates.— Soluble sulphates are obtained by saturating sulphuric 
acid with bases, and insoluble sulphates by Rouble decomposition. 

Y 2 
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All the neutral sulphates are solublo with the exception of those of 
barium, strontium, and lead, which are quite insoluble, and sulphate of 
calcium, which requires alxuifc .500 parts of water to dissolve it. There- 
fore sulphates in solution in water give a white precipitate with the 
salts of calcium, barium, strontium, and lead ; if the solution be 
greatly diluted, the sails of calcium will not bo precipitated. 

Heated with charcoal, the sulphates are transformed into sulphides, 
and consequently acquire the property of diffusing the odour of hydro- 
sulphuric acid under the influence of acids. 

Some sulphates decompose by boiling, and leave a subsulphate which 
is insoluble in water. The sulphate of mercury is of this number. 

Sulphites. — Soluble sulphites may bo prepared by transmitting a 
cun-cut of sulphurous anhydride into water holding a baso in solution 
or in suspension. The other sulphites are obtained by double decom- 
position. 

Soluble sulphites and the solution of sulphurous anhydride give, in 
prcscnco of salts of barium, a white precipitate that is soluble in dilute 
acid. This solution, when exposed to the action of chlorine, deposits 
the sulphate of barium. 

When a sulphite is heated with an acid which is relatively fixed and 
which has no oxidizing action, sulphurous anhydride is disengaged. 
This body may bo easily recognized by its odour and the property it 
possesses of turning blue a starch paper moistened with a solution of 
iodic acid. 

With nitrate of silver, tho solublo sulphites givo an abundant white 
precipitate, soluble in ammonia. 

HypoBulphateB (dithionates). — Tho different hyposnlphatcs are 
prepared by precipitating the hyposulphate of barium by solublo sul- 
phates. 

Hyposulpliates arc not oxidized when cold, either by chlorine or by 
tho binoxide of manganese ; at boiling point this oxide causes them to 
pass to the state of sulphates. 

When a hyposulphate is calcined, sulphurous anhydride is disen- 
gaged, and a sulphate remains as residue. 

Hyposulphites. — Hyposulphites are obtained by boiling tho sulphites 
with a quantity of sulphur equal to that they already contain. 

A solution of a salt of silver added to that of a hyposulphite pro- 
duces a white preeipitato, which becomes black on changing into 
sulphide. This transformation is produced very rapidly by heat. 

The hyposulphites treated by a strong acid givo rise to a disen- 
gagement of sulphurous anhydride and to a deposit of sulphur. 

Tho hyposulphites readily dissolve the chloride, bromide, iodide, and 
cyanide of silver. 

Chlorates. — Chlorates are all solublo in water; they deflagrate 
strongly when thrown on to hot coals. When mixed with combustible 
bodies, like sulphur or charcoal, they detonate by heat. 

Alkaline chlorates, submitted to the influence of heat, lose oxygen 
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and leave a residue of chloride ; the others lose both chlorine ami 
oxygen, and leave an oxychloride as residue. 

Treated by sulphuric acid, chlorates give rise to a yellow gas which 
is very explosive ; it is improperly called hypocliloric acid. 

Perchlorates. — The different perchlorates aro obtained by dissolving 
bases in perchloric acid. 

The perchlorate of potassium being very little soluble in the cold, 
a crystalline' precipitate is formed whenever a solution of a salt of 
potash is mixed with perchloric acid. 

Sulphurous anhydride and hydrosulphurie acid liuvo no action on 
perchloric acid or the perchlorates. 

When strongly calcined, the perchlorates loso their oxygon and 
leave a residue of chloride. 

Hypochlorites. — Hypochlorites and hypocliloroux anhydride possess 
the property of bleaching organic substances, but they loso it when 
mixed with a solution of arsenious anhydride in nitric acid. 

Carbonic anhydrido in excess disengages hypocldorous anhydride 
from tho hypochlorites, though the solution of liypoclilorous anhy- 
dride decomposes tho carbonates with effervescence. 

Chlorites. — Chlorous anhydride is a yellow gas, which colours water 
very strongly, dissolving in this liquid. 

Chlorous anhydrido and chlorites bleach organic substances, and 
retain this property in prcsonco of a solution of arsenious anhydride in 
nitric acid. 

Chlorites disengage chlorous anhydride under the influence of a 
strong current of carbonic anhydrido. 

Borates. — Tho solublo borates arc prepared by causing boracic acid 
to acton bases, and the insoluble borates by double decomposition. 

Soluble salts of barium give, with borates, a precipitate of borate of 
barium, soluble in dilute hydrochloric acid and in the solution of 
hydrochlorate of ammonia. 

The alkaline borates give an aqueous solution which, when saturated, 
is precipitated by acids when cold. The precipitate which forms is 
boracic acid and is dissolved on boiling the liquid. When a borate is 
mixed with sulphuric acid and alcohol, and the alcohol is ignited, 
this latter burns with a beautiful green flame. 

Carbonates. — With tho exception of the alkaline carbonates, all car- 
bonates are insoluble and may bo obtained by means of double decom- 
position. 

Carbonates readily decompose under the influence of heat; carbonic 
anhydride is disengaged and an oxide, or if this bo unstable a residue 
of free metal remains. The alkaline carbonates, and thoso ol barium 
and strontium, are tho only exceptions. 

Soluble carbonates give, with salts of barium, a white precipitate 
which is soluble in dilute acids. 

In presence of acids, carbonates give rise to a disengagement of car- 
bonic anhydride which precipitates lime-water white. 
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Silicates. — The alkaline silicates with a great excess of base are 
alone soluble in water. 

Salts of barium produce in their solutions a white precipitate of 
silicate of barium which is solublo in hydrochloric acid. If potassic 
sulphate bo added to the solution so as to eliminate the barium, and the 
liquid be filtered, it will give, with ammonia, a precipitate of gelatinous 
silica. 

When hydrochloric acid is added to the solution of a silicate, a pre- 
cipitate of gelatinous silica is produced, which is soluble in an excess of 
acid, but which can be easily separated by evaporating to dryness and 
redissolving in water. A similar precipitate, but which is insoluble 
in an excess of the reagent, is obtained when hydrochloric acid is re- 
placed by the chloride of ammonium. 

Chromates. — Chromates (neutral chromates) are yellow; the bichro- 
mates (or acid chromates) are red or orange-coloured. Roth have 
considerable colouring power. 

With metallic solutions, solublo chromates give precipitates many of 
which possess brilliant colours ; among these is the precipitate furnished 
by the salts of lead, which is a beautiful yellow. 

Heated with hydrochloric acid in presence of alcohol or of any other 
reducing agent, these salts become green, and a hydrated pcrchlorido of 
chromium is formed. 

Mixed with melted sea salt and sulphuric acid, the chromates form 
a mixture which, when distilled, furnishes a reddish liquid ; and when 
this is decomposed by a solution of ammonia it becomes yellow, and 
then gives a precipitate with acetate of lead. 


GENERAL REMARKS ON SULPHIDES. 

Sulphides present the strictest analogies to oxides, both in their 
properties and in their actions. 

Preparation. — 1st. Like oxides, many sulphides maybe obtained by 
the direct union of sulphur with another body. Thus carbon, arsenic, 
copper, and iron, combine with sulphur with great avidity. Rut zinc, 
which unites so readily with oxygen, has only a veiy weak affinity for 
sulphur. 

2nd. Certain sulphides which contain several atoms of sulphur are 
prepared by combining directly with this metalloid sulphides less 
sulphuretted than those to be obtained ; thus the tersul phi dc of arsenic 
(As 2 S 8 ) may be produced by heating the bisulphide (As*S f ) with 
sulphur. 

3rd. Sulphides may also be obtained by causing bydrosulphuric. acid 
to act on certain soluble hydrates. In this case the sulphur of the 
bydrosulphuric acid and the oxygen of the hydrate are interchanged ; 
a compound is first formed which represents hydrosulphuric acid, 
the half of the hydrogen of which is replaced by a radicle, and which 
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is called a hydroeulphate ; afterwards, on adding to tlie hydrosul- 
pbate an additional quantity of the primitive hydrate, water and a 
sulphide are formed : 


(1) 

(I}®) 

+ 

(h } s ) - 

<?}°) 

+ <5K) 


Hydrate of 
potassium. 


Hydrosulphuric 

acid. 

Water. 

Hydrosulphate 
of ]M)tassiuin. 

(2) 

(h| s ) 

+ 

11 

'o s 

(h[°) 

+ (kK) 


ifydrosiilphatc 
of potassium. 


Hydrate of 
potassium. 

Water. 

Monosulphide. 
of pota*hium. 

4th. 

By causing hydrosulphuric acid to act on a chloride. 

Ex.: 

(Sn01 4 j 

+ 

2 (”|s) - 

4 ("i!) 

+ (SnS‘) 


Perchlorlde of 
tin. 


Hydrosulphuric 

acid. 

Hydrochloric 

acid. 

Jlisulphide 
of tin. 


5th. By heating a sulphate with charcoal, which seizes the oxygen of 
the sulphate, and a sulphide remains as residue. 

Ex.: (SBa(V) 4- 2 0 - 2 (CO*) + (BaS) 

Sulphate Carbon. Garliotiic Sulphide 

of barium. anhydride. oflNirium. 

Classification. — Among sulphides, some act as acids and others as 
basic anliydrosulphides ; others, again, appear to be the mixed anhydro- 
sulphides of two hydrosulphates derived from one simple body and 
acting, the one as sulpho-base, and the other as sulpho-acid ; these are 
the saline sulphides. Sulphides are also known which act sometimes 
as acid and sometimes as basic anliydrosulpliide ; those are the indifferent 
sulphides. 

There also exist sulphides containing more than one atom of sulphur 
for two electro-positive atoms of uneven atomicity, or for one of even 
atomicity; these aro called poly sulphides. They readily part with a 
portion of their sulphur, and may he considered as peculiar sulphides, 
corresponding to the peculiar oxides. There are therefore fivo classes 
of sulphides, corresponding to the five classes of oxides : 

1st. The basic sulphides, corresponding to the basic oxides. 

2nd. The acid sulphides, corresponding to the acid oxides. 

3rd. The indifferent sulphides, corresponding to the indifferent, 
oxides. 

4th. The saline sulphides, corresponding to the saline oxides. 

5th. The peculiar sulphides, corresponding to the peculiar oxides. 

All the sulphides in question may be considered as derived from 
simple or condensed hydro sulphuric acid, in which the hydrogen is re- 
placed either by a simple body or by a sulphuretted radicle; thus the 

sulphide of potassium is written ^ j- S J, the sulphide of barium (Ba"»S), 

the bisulphide of barium (BaS"S), etc. There also exist, as we have 
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already seen, other compounds which represent hydrosulphuric acid with 
only half of its hydrogen replaced by a simple body or by a sulphuretted 
radicle, which compounds have received the namo of hydrosulphates. 
They correspond to the hydrates, and, like these latter, sometimes form 
bases, sometimes acids : 


(M°) 

Ilydrute.of potassium. 



An unknown carbonic acid 
(liydrulo of carbonyl). 


(I! s ) 

Hydrosulphate of potassium. 



(hydrosulphate of sulphocarbonyl). 


Metallic; sulphides present reactions which enable them to he easily 
recoguized, and oven distinguish a monosulphido from a polysulphido 
and from a hydrosulphate. 

All tho metallic monosulphides, whether soluble or not, disengage 
hydrosulphuric acid under tho influence of acids without tho slightest 
deposit of sulphur being produced : 


©■) + (W - CSW + ©0 

Monosulphide Sulphuric acidfr Sulphate of Hydrosulphuric 

of potassium. ■ potassium. acid. 


When they are soluble, monosulpliides, with the neutral chloride of 
manganese, give a flesh-coloured precipitate of sulphide of manganese 
without disengagement of hydrosulphuric acid : 

©?) + (“”"!) - (““" s ) + >©) 

Monosulphido Chloride of Sulphide of Chloride of 

or potassium. liuiugaiiese. manguriese. potussiuin. 

W ith acids, hydrosulphatcs give the same reactions as the nionosul- 
l>hides : 


(nl 8 ) 

Hydrosulphato 
of potassium. 


+ ("}) - ©}) + ©■) 
Hydrocliloric Chloride of Hydrosulphuric 
acid. potassium. acid. 


But in presence of chloride of manganese, they set free hydrosul- 
phuric acid at the same time as they give rise to a precipitate of sul- 
phide of manganese : 


2 (n} s ) + ( M ci«[) 

Hydrosulphate Chloride of 

of potassium. manganese. 


(Mn"s) + 

Sulphide of 
manganese. 


2 (ci}) + (!K> 

Chloride of Hydrosulphuric 

potassium. odd. 


Tho polysulphides precipitate the salts of manganose without disen- 
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gaging hydrosulphuric acid, but in pvesenco of acids they givo both 
liydrosulphuric acid and a deposit of sulphur : 

(kW + 2 (ci|) - 2 (ci}) + (n} s ) + g} 

Tereulphidc of Hydrochloric Chloride of Hydrosulphuric Sulphur 

potassium. acid. potassium. acid. 

Heat and olectricity act on sulphides in the same manner as on oxides. 

Actions of Beagents.— 1st. Action of Sut.rriuit.— Sulphur acts on 
sulphides as oxygen on oxides ; 'that is to say, it has sometimes no 
action, and sometimes it causos then* to pass to a higher degree of 
sulphurization. 

2nd. Ac now of JTypkogen. — As hydrogen has a much weaker 
affinity for sulphur than for oxygen, it necessarily has greater difficulty 
in reducing sulphides than oxides ; nevertheless, there exist sulphides 
which yield their sulphur to hydrogen, and which arc reduced in iho 
same way as the oxides. The sulphide of silver is among (lie number : 



Sulphide of Hydrogen. Hydrosulphuric Silver, 

silver. ucid. 


3rd. Action of Carbon. — Carbon acts on sulphides as on oxides; 
that is to say, it reduces these bodies, giving rise to a sulphide of 
carbon : 

2(FcS) + C = (OS') + 2Fo 

Sulphide Carbon. Sulphide Iron, 

of Iron. of carbon. 

This reaction is, however, less frequent than with the oxides. 

4th. Action of Chlorine.' — 13y the dry method, chlorine acts on sul- 
phides as on oxides. As with these latter compounds it. gives a chloride 
liberating oxygen, so hero it displaces the sulphur, and gives rise to a 
chloride ; the only difference consists in this ; oxygen having no 
affinity for chlorine when hot, remains free when displaced by means 
of this motalloid; while tho sulphur, which can combine with the 
chlorine, is eliminated in the state of chloride of sulphur. 

By tho moist method, tho chlorine still displaces the sulphur, hut 
then this metalloid remains in a free state instead of combining with 
tho chlorine. This reaction may be readily conceived by remembering 
that the different chlorides of sulphur are decomposed by water, and 
consequently cannot arise under conditions where they would ho de- 
stroyed if formed. 


REACTION BY THE DllY METHOD. 

(if 8 ) + »®}) - *$}) + M 

Sulphide of Chloriue. Chloride of Chloride 

potassium. potassium. of sulphur. 
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Reaction by the Moist Method. 



Sulphide of Chlorine. Chloride Sulphur, 

potassium. of poiassium. 


Only one of the different methods of action which chlorine exercises 
on the oxides is found hero ; that is, displacement. The union of sul- 
phur with chlorine when hot isf secondary phenomenon, resulting from 
• tho reciprocal affinity of these two bodies, which does not diminish the 
analogy existing between this reaction and that produced with the 
oxides. 

The action of bromino and iodine on the sulphides is identical with 
that of chlorine. 

5th. Action of Oxygen. — By the dry method, oxygen gives rise to 
phenomena differing according to the tempera lure at which the opera- 
tion is conducted, and according to the sulphide on which it is made 
to act. 

On absorbing oxygen, tho sulphide may form a sulphate which 
cannot be decomposed by heat ; or if tho sulphide be heated to a 
temperature insufficient to cause its decomposition, the sulphate is 
formed : 

(PbS) + 2 (°}) = (srb"0 4 ) 

Sulphide Oxygon. Sulphate of lead. 

of lead. 

Tf the temperature bo sufficiently elevated, and the sulphate of the 
metal whose .sulphide we possess, be too slightly stable to ho formed 
under the conditions of the experiment, an oxide is produced, and 
Rulphurous anhydride is disengaged : 

2(CV'S) + 3 ( o }) = 2(Cu"0) + 2(SO*) 

Sulphide of Oxygen. Oxide of Sulphurous 

copper. copper. anhydride. 

If tho oxide itself is not stable at the temperature at which the ope- 
ration is conducted, the sulphur is eliminated in the state of sulphurous 
anhydride, and the body with which it was first combined becomes 
free : 

(Ft"S*) + 2(°}) = 2(SO*) + l>t 

Sulphide of Oxygen. Sulphurous Platinum. 

platinum. anhydride. 

By the moist method, oxygen has a double action ; it displaces a 
portion of tho sulphur and gives rise to an oxide. The sulphur dis- 
placed unites with the sulphide undecomposed, and forms a polysul- 
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phide, but this action is shortly arrested, and the oxygen acting on the 
sulphide, transforms it into a mixture of hyposulphite and hydrate : 

4 (k} s ) + 0} = 2 (i}°) + 2 (k} 8 *) 

Sulphide Oxygon. Oxide of Itlaulphidi' 

of potassium. potassium. of potassium. 

4(Ba"s) + 4(g}) + 2(g} 0) = 2 (s*BaO>) + 2^}^) 

Sulphide Oxygen. Water. Hyposulphite Hydrate of 

of barium. oi' barium. imrinm. 

All these reactions present the most perfect parallelism with those 
resulting from the action of sulphur on the oxides. 

3th. Action of Metals. — When a metal is made to act on a metallic 
sulphide, and when this metal has a greater affinity for sulphur than 
that which is combined with this body, it seizes the sulphur and 
the other metal is liberated. 

(Pb"S) + Fe = (FcS) + Pb 

Sulphide Iron. Sulphide Iicad. 

ol lead. of iron. 

7th. Action of Watkr. — Certain sulphides, like the sulphide of 
magnesium, decompose water, producing an oxide and sulphuretted 
hydrogen : 

(Mgs) + (g}0) - (Mgo) + (g}s) 

Sulphide of Water. Oxide of Ilydrosulphurlc 

magnesium. magnesium. acid. 

Other sulphides can combine with water; but when hot the water is 
decomposed, and, as in the preceding case, an oxide is formed and sul- 
phuretted hydrogen, but most of the sulphides have no action on 
water. 

8th. Action of Hydrosulphuric Acid. — ITydrosulphuric acid enters 
into double decomposition with the alkaline sulphides, and gives rise 
to a Ilydrosulphato which is a sulpho-base; this reaction is analogous 
to that produced when water and an anhydrous alkaline oxide are 
brought into contact : 

(k} s ) + (SK) = 2 (ir } s ) 

Sulphide of Hydrosulphuric Hydnwilpliiite 

pot as sium. acid. potassium. 

The action of hydrosulphuric acid on the basic anhydrosulphides 
has not as yet been examined. 

9th. Action of Acid Anhydrosulphides. — These combine with basic 
anhydrosulphides, or undergo double decomposition with them, and 

sulpho-salts are formed. . , 

10th. Action of Basic Anhydrosulpiiidks. — T hese combine with acid 
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anhy drosulphi dos, or entor into double decomposition with them, and 
give rise to sulpho-salts. 

It will bo seen that the actions of reagents on sulphides present the 
strictest analogies with the actions of reagents on oxidos. In order to 
demonstrate these analogies inoro fully, wo placo these different re- 
actions side by side. 


PARALLEL BETWEEN SULPHIDES AND OXIDES. 

Sulphides. Oxides. 

Action of JTi:at. — It. reduces Action of Heat. — It reduces 


them, or does not attack them. 

Action of Sulphur. — It trans- 
forms them into persulphide, or 
has no action. 

Action of Hydrogen. — It re- 
duces them : 

(M*S) + IP = (IPS) + M* 

or docs not modify them at all. 

Action of Carbon. — This action 
is either reducing or none. The 
reducing action is expressed by 
the general formula : 

C -f 2(M*S) = 2M* + (CS) 8 

Action of Chlorine. — It seizes 
tho electro-positive element and 
liberates the sulphur, only the ex- 
cess of the clilorino unites with 
tho sulphur displaced. 

Action of Oxygen. — By the 
dry method, and according to the 
degree of stabilit y of the compounds 
which arise, thcro is formed cither 
sulphurous anhydride and an 
oxide, or sulphurous anhydride 
and a metal, or a sulphate ; by tho 
moist method, a mixture of 
hydrated oxide and hyposulphite 
is produced. 

Action of Metals. — The most 
positive metals displace those that 
are less so. 

Action of Hydrosulphuric Acid. 
— This acid sometimes produces 


them, or does not attack them. 

Action of Oxygen. — It per- 
oxidizes them, or has no action. 

Action of Hydrogen. — It re- 
duces tli cm : 

(M*0) + IP = (H*0) + M 8 

or does not modify them at all. 

Action of Carbon. — This action 
! is either reducing or none. Tho 
| reducing action is expressed by 
the general formula : 

C + 2(M 2 0) = 2M* + (CO) 8 . 

Action of Chlorine. — It seizes 
the electro-positive element and 
liberates the oxygen. 

Action of Sulphur. — By the dry 
method, and according to the degree 
of stability of the compounds 
which arise, there is formed either 
sulphurous anhydride and a sul- 
phide, or sulphurous anhydride 
and a metal, or a sulphate ; by the 
moist method, a sulphide and a 
hyposulphite are produced. 

Action of Metals. — The most 
positive metals displace those that 
are less so. 

Action of Water. — Sometimes 
it produces acid hydrates, some* 
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acid hydrosulphates, sometimes times basio hydrates, sometimes 
basic hydrosulphates, sometimes indifferent hydrates, and sometimes 

indifferent hydrosulphates, and it has no action, 
sometimes it has no action. 

Action of Basic Anjiyduosud- Action of Basic ANnYonrnKs.-— 
ph ides. — They react on the acid They react on acid anhydrides and 
anhydrosulphides and give snlpho- give salts, 
salts. 

Action of Acid Anitydrosul- Action of Acid Anhydrides. — 
piiiDES. — They react on basic an- They react on basic anhydrides to 
hydrosulphides to form sulpho- form salts, 
salts. 

Action of Acids. — They react Action of Acids. — They react 
on the basic metallic sulphides, on basic anhydrides, giving rise to 
giving a salt and sulphuretted water and to a salt, 
hydrogen : 

"SI") + (5}«) - 
B< £M + ©■) 


GENERAL REMARKS ON CHLORIDES. 

Preparation. — Chlorides may be obtained : 

1st. By burning in chlorine the elements to he combined with this 
metalloid. The chlorides of phosphorus, arsenic, antimony, sulphur, 
tin, copper, iron, etc., may bo prepared in this way. 

2nd. By transmitting a current of chlorine over the anhydrous oxides ; 
the oxygen is then displaced. This method is employed in the prepa- 
ration of tbo chlorides of nickel and cobalt : 

a(coo) + ,(«}) - .(£}) + g} 

Oxide of cobalt. Chlorine. Chloride of Oxygen. 

cobalt. 

3rd. By causing hydrochloric acid to act on the metals : 



Monatomic Hydrochloric Metallic Hydrogen, 

metal. add. chloride. 


4th. By submitting the elements to be chlorinated to the action of 
aqua regia. 

5th. By causing hydrochloric acid to act on the oxides. a or is 
formed in the reaction ; 



(W - (5W - 
fi>) + (!!!<>) 
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2 (SI) " 


Hydrochloric 

add. 


6th. By heating a simple body with the chloride of anothor simple 
body which lias less affinity for chlorine than the first has. For 
instance, the chloride of antimony is obtained by heating antimony 
with the bichloride of mercury : 


» (iFgCl*) 

Bichloride 
of mercury. 


Sb 
* Sb 

Antimony. 


= 2 


GM) 


Chloride 
of uniimony. 


Mercury. 


Classification. — Starting from the fact that certain chlorides com- 
bine among themselves forming double chlorides, some chemists, who 
do not. admit the atomic theory, have compared this reaction to the 
combination of oxygenated basic anhydrides with the acid anhydrides. 
They have consequently applied the same classification to chlorides as 
to oxides, and admitted the existence of acid, basic, indifferent, and 
saline chlorides. 

Modem ideas are opposed to this view : monatomic chlorine can- 
not give reactions analogous to those given by biatomic oxygen. 
Pouble chlorides are not true atomic combinations. They can only bo 
explained by being considered as molecular combinations analogous to 
those compounds which contain water of crystallization. Considered 
as atomic compounds, their existence would no longer come within the 
general laws of the atomicity of the elements, or at least would oblige 
us to consider the atomicity of chlorine as three, which is possible, 
but which has not yet been proved. 

The classification of the chlorides found in almost all elementary 
works can therefore no longer be used ; we will substitute that pro- 
posed by Gorhardt, which consists in arranging chlorides in two classes, 
that of the negative chlorides and that of the positive chlorides . 

The negative chlorides arc those which give rise to acids on losing 
their chlorine and taking the residue OIT in exchange for this metal- 
loid. 

The positive chlorides are those which by an analogous substitution, 
produce bases. 

Thus, the chloride of silicon (Sid*) may lose its four atoms of 
chlorine and take four molecules of the OH group in exchange ; it is 

/ I OHv 

then transformed into silicic acid [ Si IV < RS | = j O 4 ^. It is a 


negative chloride. 

The perchloride of iron, on the contrary, gives a base, when its 
six atoms of chlorine are replaced by six times the residue Oil. It is 
a positive chloride. • 
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Distinctive Characteristics of Chlorides.— All chlorides are soluble 
in water with the exception of the chloride of silver and mercuric 
chloride, which do not dissolve in it at all ; the chloride of lead, which 
it scarcely dissolves when cold ; and the cuprous chloride, of which it 
dissolves a very small proportion. 

Hydrochloric acid and the soluble chlorides give white precipitates 
with nitrate of silver. The precipitate is curdled but easily agglome- 
rated, and becomes black in the light. It is soluble in ammonia, in 
cyanide of potassium and in hyposulphite of sodium; acids do not 
dissolve it. 

The protonitrate of mercury in the solutions of chlorides produces a 
white precipitate of protochloride of mercury; ammonia does not 
dissolve this precipitate, but transforms it into protoxide of mercury 
of a black colour. 

Chlorides when heated with sulphuric acid and bichromate of potas- 
sium givo a red liquid, which is the chloride of chromyl (UrOVJ^and 
which, when saturated by ammonia, is yellow, in consequence of the 
formation of chromate of ammonium. 


GENERAL REMARKS ON BROMIDES, IODIDES, AND 
FLUORIDES. 


All the explanations we gave, when speaking of the propuratiou of 
chlorides, of their properties and their classification, also apply to these 
three saline groups, and it only remains for us to indicate the dis- 
tinctive characteristics of each of them. 

Bromides. — With the exception of the bromide of silver and proto- 
bromide of mercury, which arc insoluble ; the bromide of lead and the 
sub-bromide of copper, which are very slightly soluble, all the bromides 

are soluble in water. .... 

ITydrobromic acid and the soluble bromides give, with mtiato of 
silver, a yellowish- white curdled precipitate of bromide of silver, which 
quickly blackens by exposure to the light. This precipitate dissolves 
in ammonia, in cyanide of potassium, and in hyposulphite of sodium; 
its solubility in ammonia is less than that of the cbloiidc. 

If chlorinated water be added to the solution of a bromide, the bromine 
is liberated ; on shaking the liquid with ether, this dissolves the bromine, 
and when left at rest it forms a brown layer, which floats on the surface 


of the liquid. . . 1 

On heating a bromide with a mixture of sulphuric acid and peroxide 
of m angan eso, a disengagement of bromine, which is leadily recognize 

by its odour and colour, takes place. 

Iodides. — The number of insoluble iodides is much huger lan a 
of the chlorides and bromides possessing the same property. 

Soluble iodides and hydriodio acid give, with nitrate of «iver a ye - 
lo wish- white precipitate of iodide of silver. This precipi a 
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sparingly soluble in ammonia, but it readily dissolves in the solution 
of cyanide of potassium or hyposulphite of sodium. 

In presence of sulphate of copper, iodides give a precipitate of sub- 
iodide of copper, which is soluble in ammonia, in hyposulphite of 
sodium, and in cyanide of potassium ; at the same time a certain quan- 
tity of iodine is liberated according to the equation : 



Sulphate of Iodide of 

cupper. potassium. 



Sulphate of Suhiodidc of * 

pouissiuni. copper. 



Iodine. 


The nitrato of palladium causes the formation of a black precipitate 
in the solutions of iodides. 

When starch is added to tho solution of an iodide, and a few drops of 
chlorinated water added to liberate the iodine, tho starch assumes a 
characteristic beautiful blue colour. If too much chlorine be added, 
the iodine will pass to the stato of iodic acid, and tho blue colour will 
disappear. It will again reappear if a little hydrogen be disengaged 
in tho liquid by means of zinc and sulphuric acid. 

If a solution of an iodide be shaken with sulphide of carbon, after 
liberating the iodine by means of a solution of chlorine the sulphide of 
carbon assumes a violet colour. 

The iodides produce a red precipitate in solutions of the por-salts of 
mercury. This precipitate is soluble in an excess of cither of tho two 
precipitant*. 

Heated with sulphuric acid, iodides disengage bcamiful violet 
vapours of iodine. 

Fluorides.— Soluble fluorides and hydrofluoric acid produce in the 
solutions of baryiie salts a white precipitate of fluoride of barium, which 
dissolves when a few drops of hydrochloric or nitric acid are added to 
the liquid. 

Nitrato of calcium gives a precipitate which is insoluble in acetic 
acid, but soluble in nitric acid. 

W hen a fluoride is heated with concentrated sulphuric acid and 
silica, gaseous fluoride of silicon is disengaged, which, on contact with 
water, gives a precipitate of gelatinous silica. 

A fluoride submitted to the action of boiling sulphuric acid dis- 
engages hydrofluoric acid, which destroys glass. 



APPENDIX. 


1 TOUT'S I1YTOTJ1KS1S. 

Foil a long time philosophers hove been disposal to admit that all matter 
is one and the sanicv and that the liuinerons substances we see are only 
different manifestations of it— manifestations, the diversity of which de- 
pend upon the degree of its condensation. This idea, well explaining 
the fact that gravity acts equally on all bodies, and answering moreover 
to tlio idea wo have, lightly or wrongly, of the simplicity of the great 
laws of nature, is introduced into science. A very short time ago, an 
English chemist, Mr. Graham, admitted, in speculations on tho consti- 
tution of matter, that chemical atoms are formed by an agglomerat ion of 
particles smaller than themselves and identical, to which ho gave the 
( iiamo of ulti mates ; these ultimates arc animated by vibratory move- 
ments, tho variable length of which in different bodies causes tho 
differences observed between these. 

At tho commencement of this century, an English chemist, Front, 
wished to give to this theory of the unity of substance an experimental 
proof. He asserted that the atomic weights of all simple bodies are exact 
multiples of the atomic weight of hydrogen . Thence it was only one step 
to consider all bodies as polymers of hydrogen. 

Front’s hypothesis wafe among flic number of those of which it is not 
easy to demonstrate cither the accuracy or inaccuracy, especially at tho 
time it was published : the atomic weight of hydrogen, being very small 
in relation to that of the heavy metals, it was scarcely possible. t<» know 
whether the differences observed were veal or the result of errors of 
observation. But as analytic methods improved, the causes of 
uncertainty diminished, and it soon became evident that, as it w is 
then expressed, Front’s hypothesis was inadmissible. 

Jn order to suit the hypothesis to facts, M.. Dumas modified its 
enunciation; and in a pamphlet published by him in I8ol», he admitted 
that the atomic weights of all bodies are the exact multiple* <j that of an 
unknown body which would have an atomic weight four times smaller than 
hydrogen ; or, what comes to tho same thing, that the atomic weight * aj all 
bodies are the exact multiples of that of hydrogen by 1, by 0*o0 or by 0*25. 



338 


PRINCIPLES OF CHEMISTRY. 


As Trout’s hypothesis was independent of the unit adopted, and 
could be admitted for a body which had no real existence, quite as 
well as for hydrogen, this new enunciation satisfied the partizans of 
unity of substance. 

After M. Dumas’ pamphlet, the question appeared to bo decided in 
favour of Trout’s hypothesis, but in 1 800 M. Stas published his re- 
searches on nitrogen, chlorine, sulphur, potassium, lead, and silver, which 
were made with extraordinary precision, and the conclusion of which 
was : “ There exists no common divisor among the weights of simple bodies which 
unite to form definite combinations , and Front's law is a pure illusion 

M. Marignac, without contesting the value of these researches, on the 
exactness of which he greatly rested, raised an objection. “ If,” said he, 
“ in stable chemical combinations the constituting elements were not 
invariably and exactly in tlio proportion of their atomic weights, all 
the most exact methods of analysis and synthesis would give the pro- 
portions of these weights with the same inexactness.” 

This was bringing the whole of chemistry int o question, for the idea 
of atoms or equivalents is founded on the law of definite proportions, 
regarded not as a limited, but as a mathematical law. 

The argument of M. Marignac was, nevertheless, not. without founda- 
tion. The constancy of composition of combinations called stable 
might, it is true, Ik* considered to.be proved after all the analyses of 
the century; but does the proportion in weight which tlic elements 
assume in a combination remain the same when these elements enter 
into now combinations ? 'This was what bad been admitted rather by in- 
tuition Ilian from absolute proof. Wenzel, it is true, bad founded this 
law on the constancy of the neutrality of the saline solutions which 1 
reciprocally precipitate each other; hut the preservation of neutrality, 
proved by test papers, was certainly not a sufficient proof. 

M. Stas, in an important memoir read 14th duly, 1805, at the 
Academy of Sciences at Brussels, records a series of experiments appro- 
priate for the decision both of the problem given bv Trout and that 
given by Marignac. lie first showed that, by precipitating nitrate of 
silver by chloride of ammonium, aud using chloride of ammonium pre- 
pared at different temperatures and under different pressures, that the 
proportional relation of silver and chloride of ammonium remains con- 
stant.. Temperature therefore exercises no action on the composition 
of chloride of silver, and neither temperatme nor pressure influence the 
composite »n of chloride of ammonium. The constancy of the composition of 
stable bodies is thus demonstrated. 

M. Stas has also shown the invariability of the proportions in weight of 
the dements forming chemical combinations. He found that tlio iodate, 
bromate, and chlorate of silver arc transformed into iodide, chloride, and 
bromide of silver under the influence of sulphurous anhydride, without 
the smallest, particle of iodine or silver being liberated. This could not 
bo, except on the condition that the proportion of silver to the halogen 
metalloid bo the same in the binaiy and ternary compounds of this 
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metal, and this was what was in question. If, in effect, in two bodies 

AB and ABC the proportion — were not the same, ABC could only ho 

transformed into AB by losing part of either A or B. 

After having firmly demonstrated this fundamental law on which 
tho whole of chemistry rests, M. Stas has very carefully shown the 
atomic weights of a certain number of bodies. For this purpose 
ho used new and very precise methods. Tie always deduced the 
atomic weight of a given element from the compounds formed bv this 
element with several different bodies. lie lias thus checked his 
numbers, and at the same time has given another indirect, hut, weighty 
proof of the invariability of tho proportion in weights of the elements 
forming chemical compounds. 

The limits of this work do not permit us to enter further into detail 
on these experiments. Wc will simply give their results. 


Jf oxygen be arbitrarily made equal to . . 10 

The atomic weight of silver is 107-93 

Nitrogen 14*044 

Bromine 70 1 952 

Chlorine . 35-457 

Iodine Hi' 5 * 850 

Lithium . 7-022 

Potassium 39-137 

Sodium 23*043 


"Which numbers are in accordance with those deduced from tho 
experiments made in 1843 by M . Marignac. 

These numbers are in relation to oxygen, made, as we have said, 
arbitrarily equal to 1(5 : hut, according to M. Stas, oxygen is not 10 : if 
hydrogen = 1, it is 15*90. They ought all therefore to undergo a pro- 
portional reduction, and will then become : 


II = 

1 

Cl = 


30S 

0 = 

15*900 

I = 

.120- 

533 

Ag = 

107*600 

Li = 

7 1 

004 

N = 

14*009 

II 

39 

•040 

llr = 

79-750 

! Na = 

22 

•980 


These figures entirely nullify Prout’s hypothesis. 



PART THIRD. 


ORGANIC CHEMISTRY. 


GENERAL OBSERVATIONS. 

In the early stages of chemistry it was understood how to decompose 
and reconstruct most of the inorganic compounds known up to that 
time; but it was not so when it became a question of principles 
extracted from living bodies : of these the definite combinations (proxi- 
mate principles) were known, but they could not bo produced syn- 
thetically by the combination of their elements, it was believed that 
life was necessary to their format ion, andthoy wero considered absolutely 
distinct from inorganic compounds. Ilencc arises the division of 
chemistry into organic and inorganic. 

However, as the science progressed it was perceived that the most 
complete identity existed between the reactions of organic and those 
of inorganic chemistry, and that by introducing new elements into or- 
ganic compounds, and acting on the latter by oxidation, reduction, sub- 
stitution, etc., it was possible to obtain substances of which no trace 
was found in living bodies. Later still, one of the principles of the urine 
— urea — was obtained by the help of cyanates and ammoniacal salts, 
which can both ho prepared from their elements. Then the barrier 
which separated the two divisions of chemistry was overcome, and it 
became possible to hope that some day all the organic products might 
he prepared synthetically. This hope has, to a great extent, been 
realized by the remarkable labours of MM. Kolbe, Berthelot, Wurtz, 
Kckule, Cannizzaro, Perkins, Duppa, Maxwell Simpson, Harnitzky, 
Lippmann, and others. At the present day, therefore, thoro are no 
longer two distinct chemistries ; there is only one, within which is 
contained the study of the compounds called organic. 

In reality, organic chemistry is simply that part of the science which 
relates to the series of carbon compounds. It would have been more 
regular to study this series after carbon, as wo have studied the com- 
binations formed by the other elements after each of them. 

Nevertheless, we have abandoned the logical course to re-enter the 
paths of the past ; the reason for this is simple : 

Carbon enters into so groat a number of compounds that the study of 
these demands at least as much space as that for the compounds formed 
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by all the other elements united. And further, the combinations into 
which carbon enters are often highly complicated. We there meet, 
radicles which act sometimes as metals, sometimes as metalloids. Jn 
short, it is almost impossible to understand the series of carbon com- 
pounds, if all the other simple bodies, and the compounds which they 
form, have not been previously studied. 

To include organic with inorganic chemistry would therefore) l»o 
proper in a book intended exclusively for the learned, but would not 
be convenient in a work designed for general use. We have therefore 
preserved the division of chemistry into organic and inorganic, and 
shall content ourselves with pointing out that this division is altogether 
artificial, and only made to meet the requirements of the student. 

Wc must establish a very important distinetioir before commencing. 
Organic must not bo confounded with organized bodies. Organic sub 
stances, whatever tlicir origin, are, as we have just said, bodies which 
possess all the properties of definite compounds. When solid, they crys- 
tallize; when liquid, they have a fixed boiling point ; tiny do not. 
differ in any way from inorganic compounds. 

Organized bodies, on the eontraiy, are always constituted by the 
mixture of a great number of compounds. They never present a crys- 
talline structure, but a well-marked fibrous or cellular one, and they 
cannot change their condition without being destroyed. Finally, all 
are, or have been, endowed with life. They are organs, or parts of 
organs, of which the chemist can never accomplish the synthesis, how- 
ever perfect his means of action. 

Tho study of organized bodies doos not belong to the domain of 
chemistry, hut rather to that of biology. If at this point biology ap- 
proaches to chemistry, it is entirely to borrow light from it, as 
chemistry itself borrows from physics, and physics from mathematics, 
without each ceasing to be a distinct science. It is solely because thin 
distinction has not been universally perceived, that in almost all 
treatises on chemistry, articles are found devoted to the blood, muscles, 
etc., which ought only to be contained in works on physiology. 


ORGANIC ANALYSIS. 

The organic analyst may have two problems to solve. Lit her a 
mixture of different organic bodies being given, he seeks to so] mm to 
them from each other without altering their composition, which is termed 
proximate analysis; or a definite compound having been obtained in a 
pure state, ho seeks to determine the nature and quantity of the 
elements which enter into its composition. This is termed ultimate 
analysis. 

Pro ximat e Analysis. — Wo may have a mixture containing fixed 
solid substances, liquid substances either volatile or not, volatile solid 
substances, and gases. 
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If the solids and gases do not dissolve in the liquids, these bodies 
must first be mechanically separated and then the appropriate methods 
of analysis must be appliod to each. 

If, on the contrary, the solid substances and the gases are dissolved in 
the liquids, the mass should first bo distilled. Under the influence of 
heat, the gases will bo first eliminated and are collected over mercury, 
then the liquid will pass over by distillation, and, finally, tho fixed 
matter will remain in the retort. 

If the mixture contain a volatile solid body, this will pass over by 
distillation at the same time as tho liquids, and must then bo separated 
from these latter by processes which enable the different definite prin- 
ciples it contains to bo extracted from a given liquid. 

Finally, if we have a mixture of solid and liquid substances which 
are neither of them volatile, a common method of analysis must be 
applied to both. In this latter case, the separation of the different 
definite compounds which tho mixture contains is always very difficult, 
and sometimes impossible. 

SEPARATION OF THE DEFINITE COMPOUNDS CONTAINED IN A MIXTURE 
of Solid Domes. — Neutral solvents such as water, alcohol, ether, wood 
spirit, sulphide of carbon, benzine, or chloroform, are made to act suc- 
cessively on tho substances. These liquids each dissolve certain 
matters and leave others as a residue ; they have, moreover, tho advan- 
tage of not altering them. 

When the substance has been thus divided into a certain number of 
distinct pai ls, each of those is again submitted to the action of different 
neutral solvents. Thus the residue of the aqueous solution will ho 
submitted to the action of alcohol, ether, etc. These different operations 
are only stopped when the different products obtained arc all found to 
have a dcfiiritc composition. (Wo shall see further on by what charac- 
ters the purity of a compound may ho recognized.) 

Often, though soluble in different degrees in tho various neutral 
liquids, the substances which constitute a mixture are all soluble or 
all insoluble in each of these taken separately. Fractional solution or 
fractional crystallization must then be employed. 

Fractional solution consists in the successive action of quantities of 
the same liquid, each of which must be insufficient to dissolve the 
whole of the mass submitted to its action. The most soluble substancos 
are then found in tho first solutions, and the least soluble in the last. 
On evaporating the solutions, and again submi tting the residues to similar 
treatment, the different principles the mixture contained will at last 
be separated. For oxample, let us suppose a mixture of two bodies A 
and B in equal proportions, and that 100 gr. of water can dissolve 
50 gr. of A and 25 gr. of B. Let us now see what would happen 
if successive weights of water equal to 50 gr. were made to act on 
200 gr. of the substance. 

Each 50 gr. of water would dissolve 25 gr. of A and 12*50 of B. So 
that after ronowing the liquid four times, the whole of the, body A 
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would be eliminated, while there would remain 50 gr. of B in a state 
of purity. * * ,c 

The solution of a mixture of solid bodies may also be evaporated, and 
the crystals separated as they form. The least soluble substance 
crystallize first, and the most solublo afterwards. By repeating these 
crystallizations several times, the desired separation is effected : the 
different crystalline deposits should bo carefully examined. When 
the crystals obtained appear to bo homogeneous, there is reason to 
believe that the substance is pure. 

When all the neutral solvents leave an insoluble residue, this is 
submitted to the action, first, of dilute mineral acids, afterwards of 
bases. Tlio organic acids and bases are thus transformed into salts 
solublo in water; on applying to lliesc salts the method of frictional 
solutions or crystallizations, and separating the acids or bases from 
them, the bodies are obtained in a pure state. 

When Ihe acids or bases whose elements are found in solution can 
be precipitated by appropriate reagents, the proximate analysis is 
made by causing tins precipitation by successive quantities of the 
reagents each insufficient to precipitate the whole; Ihe least, stable 
salts precipitate first, and the most stable afterwards. By applying this 
method to the salts of margaric acid, and repeating these fractional 
precipitations about forty times, M. JTeintz has been enabled to show 
that this body is not a definite principle, but a mixture of two other 
acids. 

Sui'AUATJON of DEFINITE CoMWUXDS CONTAINED IN A MlNTIIJlK OF 

Liquid Bodies. — As these liquids do not always mix with each other 
in all proportions, the method of fractional solutions may often be 
applied to them ; it is even the only 0110 to which recourse can be Imd 
if the liquid is not volatile. Hut, as here we cannot bo aided by the 
crystalline form in judging of the purity of the substances, this pro - 
cess presents great difficulties. 

When liquids distil without decomposing, the method of fractional 
distillations may be employed. This method is based on the fact that, 
all pure liquids have a constant boiling point, while mixtures ol 
different liquids commence boiling at a temperature which rises as the 
distillation proceeds. On collecting separately the products which 
have distilled between the limits of the temperature, .and submitting 
those latter again to fractional distillation, wo are often able to separate 
from each other liquids, the boiling points of which are different. Ibis 
method, to be successfully employed, requires that the liquids mixed 
have boiling points differing at least thirty degrees, and that ihe 
chemist should have at his disposal a rather largo quantity of the 

mixture. . 

It sometimes happens that two mixed liquids, though not ica., mg 
chemically, nevertheless exercise on each other a pby ,s ^ a ac r ^ u 
which is opposed to their separation by fractional distillation. ie 
mixture then presents a constant boiling point. 
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Organic compounds generally begin to decompose at about 400° : it is 
scarcely possible to apply fractional distillation to liquids whose boil- 
ing point is higher than this. The field of this operation may, how- 
ever, be extended by distilling under a low pressure, because the boiling 
point of liquids is thereby considerably lowered. 

Fractional distillation in vacuo tukerf place in the apparatus repre- 
sented in fig. 37. 



The liquid to be distilled is placed in a strong globe, the neck of 
which is tighily closed by an india-rubber stopper with two boles in it. 
One of these holes contains a thermometer, and the other has a tube 
of exit in it. 'Phis tube is joined by means of very tight india-rubber 
to a similar one which conducts the vapours into a tube of thick glass, 
"which acts as a receiver, and which is also closed by an india-rubber 
stopper with two openings. A disengagement, tube fixed in ono of 
these openings is placed in communication with a largo globe by 
means of india-rubber and another glass tube. After this globe comes 
a vessel filled with pumiee-stoiio saturated with a solution of caustic 
potash. The tube which conducts the gases is plunged to the bottom 
of this vessel, in order that the acid vapours or the chlorinated pro- 
ducts which sometimes disengage during the distillation be absorbed, 
and do not affect the apparatus. 

The tube which gives egress to tlie gases of this latter vessel is joined 
by means of a good stopper to a brass tubulure, to which a long india- 
rubber tube is fastened. This tube is strengthened by a spiral copper 
wire in its interior, in order tlmt its sides may not be compressed under 
tho influence -of atmospheric pressure while a vacuum is being made. 
The india-rubber tube is terminated by a brass slop-eock, to which it 
is fastened, and which is screwed on to the air-pump. 

The^lobe containing the substance is generally heated in a hath of 
oil by moans of u spirit-lamp. The second globe is not strictly neces- 
sary, but it is useful : by augmenting the sjmee in which the vacuum 
is made, it serves to render less perceptible the differences of pressure 
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resulting from the entrance of the air, which can never ho entirely 
prevented. While the operation continues, it is necessary to pump 
from time to time, in order to maintain a regular pressure. 

To the method of fractional distillations, we should also add that of 
fractional saturations, which arc of great service when the liquid is 
acid or basic. 

If to a mixture of two volatile acids a quantity of baso ho added 
which is insufficient to saturate all, the strongest acid is first, saturated. 
If more base be employed than is required to saturate this completely, 
a portion of the second acid is also saturated; and when the mixture is 
distilled, the 11011-saturatcd portion of the second acid distils alone, and 
is thus isolated in a pure state. 

If, on the contrary, less of the base bo employed than is necessary to 
saturate the stronger acid, part only of this latter is saturated, but not 
even the smallest quantity of the other enters into the combination. ( )n 
distilling, a mixture of the two acids is collected, and a perfectly pun; 
salt of the stronger acid remains in the retort. 

It will be seen that a single operation gives one. of the products in a 
pure state, and that with two successive operations both can ho isolated. 
We have only to submit the mixture which remains after the first- 
fractional saturation to a new fractional saturation. This process of 
proximate analysis may also be. applied to volatile alkaloids ; of course; 
using an acid instead of a base. 

Separation of Gases. — Wo cannot enter in detail into the processes 
used for the proximate analysis of gases; physical means can here 
scarcely bo made use of, and it is chiefly by absorbing the different 
gases by appropriate reagents that they can be separated. 

Cuprous chloride, dissolved in ammonia, the Nordhauseri sul- 
phuric acid, potash, bromine, protosulphate of iron, permanganate of 
potash, and phosphorus are the reagents most frequently used. Oxygen 
is absorbed by the ammonia cal cuprous chloride, which does not 
again set it free ; by the oxide of carbon, which parts with it on boiling, 
and by certain carbides of hydrogen, such as acetylene or allylene. 
With these latter it forms insoluble solid compounds, which may be 
separated by filtration, and from which the primiiive gas may be 
afterwards disengaged in a free state under the influence of hydro- 
chloric acid. 

Nordhauseu sulphuric acid and bromine absorb certain hydro-carbons. 
With bromine, these form liquid products which can be separated by 
fractional distillations. 

Potash absorbs carbonic anhydride ; protosulphate of iron and per- 
manganate of potash absorb the binoxide of nitrogen, and phosphorus 
absorbs oxygen. 

CHARACTERS WHICH SERVE TO DETERMf X E WHETHER AN ORGANIC MaT'IKU 
MAY BE REGARDED AS CONSISTING OF A SlNGI.E PuiNCIM.E.- — WllCIl tllO 
substance is solid, this may be recognized by the following cliurac- 
ters : 
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1st. Ifytbe capable of melting, the temperature remains constant 
during the whole time occupied by the fusion. 

2nd. If it ciystallizo, its crystals are all perfectly homogeneous. 

3rd. When submitted to the action of different solvents, it either will 
not dissolve at all or it dissolves totally, provided that a sufficient 
quantity of the liquid be employed. 

4th. When it is divided into several parts by means of fractional 
solutions, the weights of the different* residues arising from the evapo- 
ration of equal quantities of the solvent are equal ; moreover, these 
different residues present the same physical characters, and ultimate 
analysis assigns to them the same composition. 

When the substance is liquid, it. presents a constant boiling point ; 
hut, as we said before, the constancy of tlio boiling point is not 
alone sufficient for us to affirm that a substance is constituted of a 
single principle, inasmuch as certain mixtures possess this property, 
this constancy must, exist under all pressures. It is observed that the 
relation between the tensions of the vapours of two liquids changes 
with the temperature. As by lowering the pressure the boiling point 
is also lowered, the relation between the elastic forces of the vapours of 
the mixed liquids clfinges, and with it the quantities of each of them 
which distil. The result is that, by distillation in vacuo, liquids may 
be separated, which at a normal pressure form a mixture, the boiling 
point of which is constant. 

Ultimate Analysis. — The object of ultimate analysis is to determine 
the proportions of the different simple elements which enter into tlio 
composition of an organic body. As all organic compounds contain 
carbon, and nearly all contain hydrogen, the determination of these two 
bodies, oral least of one of them, is always necessary. Resides, as it 
is often necessary to determine the chlorine, bromine, iodine, nitrogen, 
phosphorus, arsenic, sulphur, and metals, we will successively review 
these different analyses. 

1st. Dltkhminations of Cakbon and IIydkookx. — This is based on 
the property possessed by chromate of lead and by oxide of copper, of 
oxidizing organic substances while they themselves are deoxidized. In 
this combustion the hydrogen of the organic substance passes into 
the state of water, and the carbon into that of carbonic anhydride. 
These bodies arc collected in apparatus previously weighed, their 
weights ascertained, and that of the carbon and hydrogen thence 
deduced. 

This analysis requires minute precautions. The oxido of copper 
must first be heated to redness in order to destroy the organic particles 
which might, bo deposited upon it, and to drive off the hygrometric 
moisture ; then, while it is still warm, it is enclosed in a clean 
and very dry bottle, which is closely stoppered, and in which it can 
become cool without absorbing moisture. Generally, tlio bottle is 
rinsed out two or three times with hot oxide of copper, which is rejected, 
and it is only after these preliminary operations that the bottle is 
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filled. This washing with oxide of copper is for the purpose of com- 
pletely drying the bottle and removing all solid substances from it. 

A hard glass tube, about thirty inches in length and half an inch in 
diameter, is used. The form represented in fig. 38 is given to this 
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tube by drawing it out at one of its ends. The inside should be dried 
by bibulous paper, then cleansed with lioatcd oxide of copper, and, 
finally, carefully stoppered until the lime of the analysis. 

Then the substance to be analysed is prepared. If this be solid, it 
is powdered and dried in a small stove heated to 100 \ until no loss is 
observed after two successive weighings. A very dry small glass tulio 
is then filled with it, and carefully stoppered and weighed. 

This done, a certain quantity of oxide of copper is put into the 
tube, as far as A for instance ; then tlio small tube is uncorked, and the 
substance to bo analyzed is allowed to fall into the larger tube. More 
oxide of copper is added, and by means of a long copper rod, the lower 
part of which is twisted in a spiral form, the substance is mixed with 
this oxide, so that tlio mixture occupies about the space coin prised in 
the drawing between A and 11 : finally, from 11 to 0 the tube is filled 
with pure oxide of copper, after which it is well corked. The small 
tube which first contained the substance is then weighed, and on 
deducting this weight, from its weight when full, that of the substance 
to be analyzed is obtained. 

The combustion tube is next wrapped in a sheet of iron, in order 
that it may not he distorted by tlic heat, and the mouth is closed by a 
good cork, through which it is placed in communication with the con- 
densing apparatus destined to absorb the water and the carbonic anhy- 
dride. 

Tlio apparatus used to absorb the water is composed of a U-shaped 
tube full, either of pumice-stone moistened with sulphuric acid, or of 
dried chloride of calcium, or of one of these substances in one branch 
and the other in another. In order that this tube may be used several 
times, instead of placing above each branch a simple curved tube 
intended to convey the gases, a tube in which a small globe is blown 
is adapted to one side. The greatest part of the water is then con- 
densed in the globe, from which it can be expelled at the end of the 
analysis, and the drying substances retain their power. The* apparatus 
then assumes the form indicated in fig. 39 (page 34H). The end which 
has the bulb is placed in communication >vith the retort tube by 
means of a cork. 

The apparatus destined to absorb carbonic anhydride is composed of 
two tubes. 
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The first, called Liebig’s tube, is of tho form represented in fig. 40; 
it contains a highly-concentrated solution of caustic potash. lhe 
second is a simple U-shaped, tube, one of the branches of which is full 
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(if pumice-stone moistened with a solution of caustic potash, while the 
other contains pieces of caustic potash. This tube should always bo 
fix ( m! in such a manner that llio gas shall traverse tho pumice-stone 
before passing over the pieces of* potash. Its object is to arrest tho 
small quantity of carbonic anhydride which may have escaped Liebig’s 
tube, and the vapour of water which the gaseous current may have taken 
from tho solution of potash, and which would tend to diminish tho 
weight of the apparatus. 

Liebig’s lube is joined to tho water apparatus and to tho tube con- 
taining potash by means of india-rubber. 

The complete apparatus then has the form represented in our draw- 
ing (fig. 41). 



Kip. 41. 


Before commencing the analysis, that globe of the Liebig’s tube 
which communicates freely with the interior of the apparatus is gently 
heated so as to expel a certain quantity of air, and then allowed to 
cool. A vacuum is made in this globe, and a column of the liquid then 
rises into it. Hie level of the liquid in the two globes being thus 
different, it is necessary to wait u few minutes. If the apparatus leaks 
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at any point, tlic external air will penetrate into it, the internal pres- 
sure again becomes equal to tho atmospheric pressure, niul the liquid 
regains its original level in the two globes. If, on the contrary, tho 
apparatus is air-tight, the difference iu level remains. 

When it is ascertained that the apparatus is air-tight, hoat is gradually 
applied either by means of a gas flame or charcoal, to all that portion 
of the tube containing pnro oxide of copper. When this first part is 
red hot the.firo is gradually brought to tho further extremity, until tho 
mixture of oxide of copper and the substanco is arrived at. Tho com- 
bustion then commences, and gas bubbles arc scon to ho disengaged in 
Liebig’s tube. When the current of bubbles slackens, the heat is again 
advanced, and this continued until the entire length of the tube is heated. 
When the combustion is terminated, the carbonic anhydride ceases to be 
disengaged and that which fills tho tube is partly absorbed by the solu- 
tion of potash, the internal pressure diminishes, the liquid rises into ono 
of the side-lmlbs of Liebig’s tube, and the external air penetrates into 
the apparatus. The point, of the combustion tube is then broken off and 
placed in communication with a gasometer full of oxygen by means of 
a long india-rubber tube, and a current of this gas is transmitted into 
the combustion tube. The oxygen ought first, to pass through an 
apparatus full of caustic potash and chloride of calcium, to free it from 
tho vapour of water it contains, and from carbonic anhydrido with 
which it may be mixed. 

The oxygen displaces the carbonic anhydride which filled the tube, 
and completes the combustion in cases where it is incomplete ; moreover, 
it restores the copper to the state of black oxide, and renders it fit to 
be used again. We know that, the carbonic anhydride has been totally 
expelled from the retort tube, when tho gas which disengages at the 
end of the apparatus relights a match with a glowing spark at tho end 
of it. 

The gaseous current is then arrested, the apparatus dismounted, 
and a current of air made to pass into tho condensing tubes by means 
of an india-rubber tube. This is to eliminate the oxygen, which, 
owing to its density being greater than that of air, would give an 
excess of weight in weighing. 

Finally, the tJ-shaped tul>e full of chloride of calcium is weighed 
alone, and the other two tubes together ; tho excess of these weights 
over those of the same apparatus before the experiment, gives the 
weight of tho carbonic anhydride and of tho water formed. Let I* 
and It be these weights. Knowing that 1 1 parts of carbonic anhydrido 
contain 3 parts of carbon, and that 9 parts of water contain 1 ot 
hydrogen, we place tho proportions : 

3P 

11 : 3 :: P : x; therefore x = — • 

It 

9:1 : : It : x; therefore x = — . 
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Finally, by two other proportions, the centesimal composition is 
found. 

When chromate of lead is used instead of oxide of copper, tho 
salt being first washed and powdered, the analysis takes place in the 
same manner. 

If the substance to be analyzed be liquid, it is placed in a small thin 
glass capsule (fig. 42). For this purpose the capsule is gently 
[I heated in its widest part, and inverted in the liquid, which 

I rises into tho narrow tube terminating the capsule. When a 

Ij sufficient, quantity lias entered, the capsule is turned upright, 
l\ and the narrow part hermetically scaled. The difference be- 
j \ tween the weights of the capsule when empty and when full 
S gives the weight of the liquid. 

(|_J The combustion tube is filled in the same way as when acting 
on a solid ; only, instead of placing llie substance in it in the 
hg ' ' IJ ‘ manner described, the capsule is thrown into it after its point has 
been broken, and the tube is then filled with pure oxide of copper. 

If the liquid be little volatile, it might be feared that it would only 
partially decompose, and that a small quantity of unconsumed carbon 
would remain in the capsule. To obviate Ibis difficulty, a small piece 
of glass is placed in tho tube, and the capsule is thrown in with suf- 
ficient. force, to cause it to he broken iu falling, the liquid is then inti- 
mately mixed with the oxide of ooppor, and all loss of carbon is avoided. 

If the substance contain chlorine, bromine, iodine, or sulphur, and it 
bo analyzed by means of oxide of copper, a small piece of chromate of 
lead should be placed in front of this oxide, otherwise volatile chlorides, 
bromides, or iodides of copper would be produced and added to the 
water iu tho weighing, or sulphurous anhydride would be formed and 
added to the carbonic anhydride. As tho chromate of lead transforms 
those different bodies into chloride, bromide, iodide, or sulphate of lead, 
and as these latter salts are not. volatile, this accident is no longer to be 
feared. 


If the substance contain nitrogen, binoxide of nitrogen will be 
formed during tho combustion. On contact with oxygon this gas is 
transformed into hyponitric acid, which is deposited either as nitric 
acid in tho tnbo dostined to receive the water, or in tho Lielng’s tube 
in the state of alkaline nitrate and nitrite ; tho analysis is thus vitiated. 
This cause of error can be remedied by placing metallic copper turnings 
heated to redness in advance of the oxide of copper. This metal 
absorbs the oxygen of the binoxide of nitrogen. The gas is thus 
restored to the state of nitrogen, and can no longer affect the 
result of tho analysis. 

M. Tiria has introduced a modification in the apparatus we have just 
described. The combustion tube lie uses is open at both ends and divided 
into two parts by a plug of asbestos. The first part, full of oxide of 
copper, is kept at red heat. A small vessel containing the substance 
to be analyzed is placed in the further part, which part is heated after 
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having a current of oxygen passed into it. At the end of the operation 
the whole tube ought, as usual, to be heated. The substance bums 
both under the influence of the current of oxygen and of tlio oxide of 
copper. 

M. Piria also advises that the apparatus should bo terminated bv an 
aspirator, which renders the internal pressure weaker than the atmo- 
spheric pressure. The carbonic anhydride cannot then permeate the 
pores of the. cork. The atmospheric air, on the contrary, would tend 
to do this. 

In ol der to show the utility of this precaution. M. Piria demonstrated 
that in ordinary analyses a portion of the carbonic anhydride is absorbed 
by the cork, so that if this be placed in a vessel containing lime-water, 
and the whole put under tlio receiver of an air-pump, small bubbles of 
gas which whiten the lime-water are seen to disengage. 

2nd. Dktkrmi nation of Nitrogen. — Nitrogen is sometimes deter- 
mined by volume, sometimes in the state of ammonia. Tins first of 
these processes is the more general; the other cannot, be applied to 
compounds containing the nitrile group (NO*). 

Determination of Nitroyrn by Volume.--- V o find the proportion of 
nitrogen by volume, a tube is used about 30 inches in length : in the 
bottom of this tube is placed first a certain quantity of bicarbonate of 
sodium, then a little pure oxide of copper is put. into it, after which there 
is introduced either the solid subsianco mixed with a fresh quantity of 
oxide of copper, or the liquid placed in a capsule. This done, a layer 
of pure oxide of copper is added, as if an ordinary analysis were to 
be made, but after this tlio lube is filled up with copper turnings. 

That part which is beyond the copper is drawn out and placed in com- 
munication with one of the stop-cocks of a small air-pump by means of 
caoutchouc, the other slop-cock of the pump is joined also by means of 
caoutchouc to a bent tube, tlio vertical portion of which must be at 
least 02 inches in length, and whose lower portion conducts the gas 
into a bath of mercury. 

Fig. 43 (page 352) represents the apparatus. When arranged, wo 
must, in the first instance, ascertain by means of the air-pump that tlio 
stop cocks and caoutchouc tubes arc all air-tiglit. A small column of 
mercury is raised in the exit tube, which should maintain its elevation 
when the pump ceases to bo worked. 

When satisfied on this point, all the air must be exhausted from tin? 
apparatus by the air-pump ; then that part of the tube which contains 
the bicarbonate of sodium is gently heated, causing carbonic anhydride 
to bo disengaged, whereby the pressure is again equalized. The appa- 
ratus is again exhausted, and the operation is thus continued until the 
gas which escapes from the tube while the bicarbonate is being heated 
is entirely absorbed by a solution of potash. 

W ; hen the air is entirely eliminated, a graduated glass cylinder, filled 
with mercury, into the upper part of which a solution of caustic potash 
has been introduced, is placed over the tube of exit; then that portion 
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of the tube which contain h tho copper turnings, and that containing 
the pure oxide of copper, arc heated. 

When all this part of the tube is red hot, the oxide of copper which 
is near the car Inmate of sodium is heated, and the mixture of oxide of 
copper and the substance is gradually arrived at, and continuing in this 
manner, Iho tube is at last: heated throughout its whole length. 

The substance is 1 aimed as in ordinary analysis. Binoxido of 
nitrogen is produced, which, on contact with the copper, passos to the 
state of nitrogen and is collected in the graduated cylinder. 



Fig 43. 


When the disengagement of gas ceases, tho bicarbonate of sodium 
is boated in order to produce a disengagement of carbonic anhydride, 
which drives out the nitrogen contained in tho tube. 

Tho operation being concluded, the gas contained in the glass cylinder 
is measured : this gas consists of pure nitrogen, the carbonic anhydride 
having been absorbed by tlio alkaline solution. In order to determine 
the volume of gas, it is decanted into a graduated tube of small diameter 
placed over a w ater bath. The gas is thus saturated with watery vapour, 
of which it is easy to take account know ing the temperature, and desic- 
cation is therefore unnecessary. 

When the gaseous volume is known it must be reduced to the normal 
pressure and temperature. This is done by employing the following 
formula, in which v represents the volume observed, and x the volume 
corrected : 

v(U —f) _ 

* 7(50(1 + 0-00307/)' 

Multiplying the corrected volume by 0 -001 25(52, which is the weight 
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in grammes of a cubic centimetre of nitrogen, the weight of tlie nitrogen 
collected in the experiment is found, which weight is brought to u per 
centage by a simple proportion. The letter / in the preceding formula 
represents the tonsion of the vapour of water. AVo give a table of the 
values of f according to M. Regnault, as well as the values of the de- 
nominator 760(1 4* 0‘0i)367t) = d for the temperatures comprised 
between 0 and 30°. 


t. 

d. 

/• 

/. 

d. 

/• 

/. 

d. 

/• 

0° 

760-0 

4-6 

11 ° 

790-7 

9-8 

22 ** 

821-4 

15»-7 

1 ° 

762-8 

4-9 

12 ° 

793-5 

10-5 

2.*r 

824-1 

20 -!) 

2 ° 

765-6 

5-3 

i:r 

796*3 

11-2 

24 ° 

826-9 

22*2 

3 ° 

768-4 

5-7 

14 ° 

799-1 

1 J -9 

25 ° 

829-7 

23-6 

4° 

771-2 

6-1 

15 ° 

801-8 

12*7 

26 ° 

832-5 

25-0 

5° 

773-9 

6*5 

nr 

804-6 

13-5 

27 ° 

835-3 

26-5 

6° 

776-7 

7*0 

17 -' 

807-4 

14-4 

28 " 

838-1 

28*1 

7 ° 

779-5 

7-5 

18 " 

810*2 

1 5-3 

29 ° 

840-9 

29 -S 

8 ° 

782-3 

8-0 

19 ° 

813-0 

16-3 

:ju° 

843*7 

31-5 

9 ° 

ih 

QC 

8-6 

20 ° 

815*8 

17*4 




10 ° 

787-9 

9-2 

21 ° 

818-6 

18*5 





The analytical process we have just described contains a source of 
error which must be eliminated. It sometimes happens that a small- 
portion of the binoxide of nitrogen escapes the mincing action of the 
copper. As this gas only contains half its volume of nitrogen, it is 
always necessary to ascertain whether there is any in the tube, and in 
this case to determine its proportion. 

After having measured the gas as lias been directed, the tube is 
placed in a vessel containing either a solution of protosulphate of iron 
or a solution of permanganate of potassium. The binoxide of nitrogen is 
thereby absorbed. The pure nitrogen which remains is measured, and 
the difference between the new and.tlie original volume indicates the 
quantity of binoxide of nitrogen that lias disappeared Then there 
must be added to the volume of pure nitrogen a volume equal to the 
half of that of the binoxide, and the calculation is complete. 

Determination of Nitrogen by convention info Ammonia. - Messrs. Will 
and Varrentrapp, to whom we owe this method, recommend the ope- 
ration to be conducted in the following manner : 

Into a retort tube, exactly like that used to determine carbon and 
hydrogen, a mixture of soda-lime and about 3 decigrammes of the sub- 
stance is introduced. The tube is then filled with soda-lime, a plug of 
asbestos is loosely inserted to keep the mixture in the tube, and it is 


Fig. 44. 

placed in communication, by means of a good cork, with an apparatus 

2 A 



354 PRINCIPLES OF CHEMISTRY. 

with bulbs, as represented in fig. 44 (page 353), the bulbs containing 
concentrated hydrochloric acid. 

The combustion should be conducted as in an ordinary analysis. 
Under the influence of the soda-lime, the nitrogen of the organic sub- 
stance is converted into ammonia, which remains in the hydrochloric 
acid. When gaseous disengagement ceases, the narrow point E of the 
combustion tube is opened, and air drawn through by means of an 
india-rubber tube fixed to the open end of tlio bull) tube. Tho current 
of air conveys all the ammoniacal vapours contained in the apparatus 
into tho hydrochloric acid. 

This done, the hydrochloric acid in the bulb tube is poured into a 
small evaporating dish, and the tubo is washed with distilled water, 
and tho rinsings added to tho hydrochloric acid. An excess of tetra- 
chloride of platinum is then added, and tho whole evaporated to 
diyness in a water-bath. Tho residue is washed with a mixture of 
alcohol and ether, then collected on a filter and dried. Finally, it is 
calcined, and the platinum which remains as residue is weighed. 
From the weight of this metal that of tho nitrogen is deduced : each 
atom of platinum corresponds to a molecule, or two atoms of nitrogen. 

The soda-lime used is obtained by slaking ordinary limo with a solu- 
tion of soda and calcining tho mass in a crucible. 

The ammonia may also be collected in a solution of sulphuric acid, 
and the quantity of this base afterwards dclcnninod by a volumetric 
analysis. 

3rd. ])kti:iimwation of Chlokink, Bromink, and Iodink.— -In order 
to determine the proportions of those different elements contained in 
organic substances, these latter are decomposed by pure lime. Chloride, 
bromide, or iodide of calcium is formed. These salts remain mixed 
with carbon arising from the organic matter, and with a great excess 
of limo. When the mass lias become cool, it is exhausted by water or 
by pure nitric acid. The lime is entirely dissolved, as well as the 
chloride of calcium. It must bo filtered to separate the carbon, and 
when the filter has been well washed, and the water from the washings 
mixed with the liquid, this is precipitated by means of nitrate of 
silver ; it is boiled to facilitate the collection of the precipitate, and 
filtered through papor. 

When nil the precipitate is collected on the filter, this is dried in an 
oven ; then tho chloride of silver is carefully separated, thrown into a 
small porcelain capsule, and melted by means of a spirit-lamp. 

Or the filter is folded enclosed by a platinum wire, and entirely 
burned : the little chloride of silver which adhered is reduced to the 
state of metallic silver by tho hydrogenized gases which form during 
tho combustion. 

If the porcelain capsule has been weighed before and after intro- 
ducing the chloride of silver, the weight of tho latter will be known. 

Also, if tho platinum wire be weighed alone, and then weighed 
with the ashes of the filter, the difference will be equal to the united 
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weights of tho silver and the ashes of the filter ; and on deducting the 
weight of the ashes, determined by a previous experiment, that of 
the silver is ascertained. 

Then the weight of tho chloride of silver which gave rise to this 
metallic silver is calculated, and that of the chloride of silver contained 
in the capsule added to f it ; and, finally, the quantity of chlorine corre- 
sponding to the weight of silver is also calculated. 

Tho processes are tho same with bromine and iodine. 

In order to effect the decomposition of the substance by lime, we take 
a tube 20 inchos long and tho third of an inch in diameter, dose it at 
one end, and fill it as if an ordinary analysis were to bo performed, 
with the single difference that lime is used instead of oxide of cop] tor. 

That part of the tube which contains lime only is first heated, then 
that containing the mixture of lime and tho substance to be analyzed. 
When tho tube has been heated to redness throughout, the whole of its 
length, and maintained for some time at that temperature, it is removed 
from tho fire and allowed to cool. 

When tho tubo is cold, the lime is made to fall gradually into a 
flask containing a little distilled water, then the interior is washed 
with diluto nitric acid, which is added to the water in tho flask, and 
tho determination is concluded as has been before described. 

If the substance in which cither the carbon or the chlorine is to be 
determined were too volatile, the analytical tubo should bo terminated 
by a point at one end. A bulb tubo should be joined by means of 


Fig. 45. 


caoutchouc (fig. 45), and its point should be broken after lieating the 
oxide of copper or the lime to redness. In the ease of an ordinary 
analysis, a bulb with two points should be used in order, at the end of 
the operation, to transmit oxygen through the bulb to cleanse it from 
the small quantity of carbonic anhydride which may have accumulated 
there. 

4th. Dktermination of Sulphur, Arskxic, ani> Phosphorus.— T he 
most simple method of determining these substances consists in t rans- 
forming sulphur, arsenic, and phosphorus into soluble sulphates, 
arseniates, and phosphates, which are afterwards determined by the 
processes used in mineral chemistry. 

In order to oxidize the sulphur, phosphorus, and arsenic contained in 
organic substances, these substances arc heated for about twelve hours 
to 200° with fuming nitric acid, in a hermetically-sealed tube; after 
opening the tube the acid is saturated by potash, slowly evaporated, 
and the residue melted in a platinum capsule. The ma>s when 
cooled contains the metalloids mentioned as salts in the maximum slate 
of oxidation. If a determination of sulphur has to lw? made, the solu- 
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tion is then precipitated by chloride of barium and gently heated. The 
precipitate is collected on a filter, well washed and dried on a stove, 
then with the filter calcined at red heat in a platinum crucible. As 
the carbon furnished by the filter reduces a portion of the sulphate of 
barium to the shite of sulphide, the whole must be restored to the state 
of sulphate : to effect this a little nitric and sulphuric acid is poured on 
the precipitate, which is then evaporated to dryness. From tho weight 
of the sulphate of barium obtained, less that of tho ashes of the filter, 
the weight, of the sulphur contained in the substance analyzed is 
deduced. When arsenic or phosphorus is to be determined, the solution 
is precipitated by a mixture of ihe sulphate of magnesium, chloride of 
ammonium and ammonia, and tho mixture is left for at least 12 hours. 

In the (use of phosphorus, the precipitate is collected on a filter, tlien, 
after drying, it is calcined at a red heat in a porcelain cnicible ; the 
double ammoniaco-magncsian salt is transformed into pyrophosphate of 
magnesium. The weight of the ashes of the filter is deducted from that 

VO" 1 ) 

of the latter compound, ami knowing its formula 1*0'" >0\ the quantity 

M *n 

of phosphorus this salt, contains is easily calculated. 

If arsenic is to be determined, the double ammoniaco-magnesian salt 
is collected on a filter weighed after desiccation at- 100° ; the filter and 
the precipitate are then dried at 100° and weighed. On deducting the 
weight of the filter from the total weight, that of the double salt is 
found, from which that of the arsenic may be calculated ; it suffices to 

/AsO'") \ 

remember that tho formula of this salt, is 2( Mg"U) B | -f (IFO). 

\ MI 4 J / 

If the salt wore transformed by calcination into pyro-arseniate of mag- 
nesium, operating in the sumo way as with the phosphate, it would 
lose 3 or 4 per cent, of arsenic. 

5th. Dictkkm i nation of Mkj ai.s. — In order to determine metals, tho 
organic substance must be incinerated. AVhen the pure metal remains, 
as is tlio ease with gold, platinum, and silver, it only requires to bo 
weighed : when it remains in the state of oxide or carbonate, tlie 
quantity is determined by the processes used in mineral analysis, 
into the description ot wnicli the limits of this work will not permit 
us to enter. 

Eudiometric Analysis.- Oases may he analyzed by the processes that 
have been described ; for this purpose we introduce into the com- 
bustion-tube nil accurately-measured volume of a gas whose density is 
known ; but when the gases do not contain any other elements besides 
carbon and hydrogen it is more convenient to determine their compo- 
sition by. means of the eudiometer, which may also be used to determine 
how much carbon is contained in its oxygenated compounds. 

We have already seen in inorganic chemistry that it is possible, by 
means of the eudiometer, to analyze atmospheric air and the gaseous 
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mixture which results from the decomposition of ammoniacal gas by 
electricity. 

The analysis of the different gaseous compounds met with in organic 
chemistry presents another difficulty : these gases are not mixtures, but 
combinations in which the different elements arc united and con- 
densed. 

Let us take for example the analysis of a gaseous carburctted 
hydrogen. 

A certain volume V of this gas is introduced into the eudiometer, 
and a volume O of oxygen is added, care being taken that this latter 
body bo in excess, tho volume of the gaseous mixture will be V + O. 

An electric spark is passed into the mixture, the carlmretted gas will 
be burnt, and water and carbonic anhydride will he produced. As the 
water will bo condensed, the gaseous volume remaining will simply 
consist of carbonic anhydride and the excess of oxygen. This volume, 
which we will designate hyX, is measured, and the carbonic anhydride 
is then absorbed by means of potash. If, after this absorption, the 
volume be Y, X — Y will represent the carbonic anhydride absorbed. 

The gas remaining will be pure oxygen : to bo certain of this, excess 
of hydrogen should be added and the electric spark transmitted through 
tho mixture, the diminution of volume will indicate the water formed 
and consequently the oxygen which lias disappeared ; let Z l>o tho 
volume of this oxygen. ^ 

AVe know that carbonic anhydride contains a volume of oxygen 
equal to itself, tlic oxygen engaged in forming the carbonic anhydrido 
found in tlio experiment would occupy therefore a volume equal to 
X — Y ; if this quantity be added to Z and the sum subtracted from tho 
original volume of oxygen O, the difference will indicate the oxygen 
consumed to form the water. It will then suffice fo double this volume 
in order to know the proportion of hydrogen contained in the substance. 

Knowing tlio densities of carbonic anhydride, hydrogen, and tho 
substance analyzed, the centesimal composition by weight of this sub- 
stance can be calculated. 

If the substance were oxygenated, still the proportion of carbon it 
contained could be determined by means of the eudiometer, but that of 
the hydrogen could not be so determined : this determination would 
require the knowledge of the oxygen employed, but the quantity of 
this body contained in the substance is unknown. 

Nevertheless, the eudiometric analysis would in this ease indicate 
the presence of oxygen, and by operating as if we had a hydrocarbide, 
and calculating the composition by weight, wc should find quantities of 
carbon and hydrogen the sum of which would be inferior to the weight 
of the matter employed. 

Substances containing carbon, hydrogen, and nitrogen may be com- 
pletely analyzed by the eudiometric method. 
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VAPOUR DENSITIES. 

Tlio vapour density of a body is the proportion existing between the 
weight of a given volume of its vapour and that of an equal volume of 
air under the same conditions of pressure and temperature. 

Two methods are used to determine vapour densities, that of Gay- 
Lussac and that of M. Dumas. To this latter must be added the im- 
provement of M. Doville, the object of which is to determine the vapour 
densities of bodies whose boiling point is very high. This method is 
especially useful in mineral chemistry. Tn organic chemistry M. Dumas’ 

method suffices. It enables us to operate 
up to 500°, which temperature cannot 
hero ho used because almost all organic 
substances decompose before attaining it. 

Gay-Lussac’s Method. — In this process 
the volume occupied by the vapour of a 
quantity of liquid, the weight of which 
has been previously ascertained, is mea- 
sured. Then the weight of an equal 
volume of air at the same temperature 
and pressure is calculated. On dividing 
the weight of the vapour by that of the 
air, the density sought for is obtained. 
Tlio apparatus used is a brass pan (fig. 4(>), 
which is placed over a stove after being 
filled with very dry mercury. 

A graduated tube, also filled with dry 
mercury, is placed over tho pan, and 
round this tube a glass cylinder must be 
placed, the diameter of which should bo 
two or three inches less than that of tho 
pan, and which, as well as the tube, 
should be kept in a vortical position by 
means of iron rods fixed on the handles of 
the pan. Water is placed in the round 
space between the tube and the glass 
Fig. 46. cylinder, and a thermometer to indicate 

tho tomporaturo ; and one of the iron rods 
of which we spoke holds at its lower part a needle which shows the 
outor lovcl of the liquid. 

A small vial quite full of tho body whose vapour density is to be 
ascertained is introduced into the tube, after having been weighed 
first ompty and then full, to know the weight of the liquid contained 
in it. The vial being introduced the mercury is heated ; the heat is 
communicated to the tube and the wator in the cylinder : soon the 
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dilatation of the liquid breaks the vial ; the liquid is vaporized and 
presses back the mercury. When the vaporization is completed, and 
the temperature of the water has reached the point at which the deter- 
mination is to be made, this temperature is marked, and the volume 
occupied by the vapour is read on the graduated tube. It is also neces- 
sary to ascertain the pressure at which this vapour is found. This 
pressure is evidently equal to the pressure of the barometer less the 
mercurial column raised into the tube. In order to know it, we have 
only to examine what is the external barometric pressure and to 
measure the column of mercury raised up into the tube. 

To take this measure, the lower point of the needle is made to coin- 
cide exactly with the level of tho mercury ; thon tho vertical distance 
which separates the upper part of the needle from the level of tlio 
mercury in tho tube is determined by tho catlietometer. On adding 
the length of the needle, tho height of the mercurial column is ascer- 
tained. 

We have therefore the weight V of a known volume of vapour at a 
determined pressure and temperature. The weight Q of an equal 
volume of air, at tho same pressure and temperature, is given by tho 
formula 


Q' « 0*0012932 X 


_ VftT-Jk) 

700 (1 + 0-063070 


in which V is tho volume of vapour, IT tho barometric pressure, It the 
height of the mercury in the tube, aud 0-001 2032 the weight of a cubic? 
centimetre of air at 0° and under the pressure of 7l»(> n,,,, . 

Tho quotient of P by Q' is the density sought for. 

If wo wish to determine a vapour density above 100°, the water of 
the cylinder must be replaced by oil as transparent as possible, or, what 
is better, by melted paraffine ; but we should thon have a source of 
error in the tension of the mercurial vapour, and it would be better to 
Lave recourse to M. Dumas method. Nevertheless, this cause of error 
may bo avoided by remembering the tension of the vapour of mercury 
in the calculations. Its varying tensions at different temperatures 
have been determined with great exactitude by M. licgimult. 

Method of M. Dumas. — In tho method of Dumas, instead of mea- 
suring the volume of vapour produced by a certain 
weight of the liquid, the weight of the vapour con- 
tained in a vessel, the capacity of which is known, 
is determined. A glass globe is washed, carefully 
dried, and tho neck drawn out in tho form repre- 
sented in fig. 47. 

Then the globe is weighed and its weight noted, 
as well as the height of the barometer and the temperature of the 
balance at tho time of the weighing : let P he tho weight of the globe, 
II the height of the barometer, and t the temperature. 

Then from 5 to 10 grin, of the substance is introduced into the 
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Fiff. 48. 


globe by heating this, ami then allowing it to cool after having plunged 
its point into tho liquid : it in then placed in a bath of oil in which it 

is kept by moans of the apparatus repre- 
sented in fig. 48. The oil-bath being heated 
to a suitable temperature, the liquid is con- 
verted into vapour and passes out by the 
mouth of the globe, after displacing the at- 
mospheric air, and when the temperature 
has attained tho degree at which it is pro- 
posed to determine the vapour density, the 
heat is regulated so as to maintain a steady 
temperature ; then the point of the globe is 
closed by means of a blowpipe and the 
barometric pressure is noted as well as the 
temperature of tho bath. Let A be this 
pressure and T this temperature. 

The globe is then taken out of tho oil, 
wiped, washed with ether and weighed. Let its weight be B. 

The point of the globe is now inserted under mercury and broken. 
The vapour being condensed a vacuum is produced, and the mercury 
rises into the globe, which it fills. Then this liquid is poured into a 
graduated tube, audits volume, which we will call V, is measured. 

If all tho air were not expelled, that which remains should be 
collected in a small graduated tube and the volume measured. By 
means of these different, data, the density of tho vapour sought for can 
bo ascertained. 

Tho -weight. V of the globe full of air is equal to that of the glass i r 
plus that of the air contained p. Wo have therefore : 

P =r tt -f- p. 

The weight B of the globe in the seeond weighing is equal to that of 
the glass w plus tho weight x of tho vapour it contains. We can there- 
fore place the equation : 

B = 7T -f X. 


From these two equations we get : 


B — 1’ 4p x . 


In reality, B = tt + x and V = tt -f p. It is therefore evident that 
by addingp to tt + x and xioir + p, we have the equation ir + x +p 
= tt -f a \ or by replacing ir + x by its value B, and w -f p by its 

value 1*, B +p = 1* -f from which equation we extract B - P +jp = 
This equation indicates that, we have only to add tho weight of a 
volume of air equal to the volume of the globe to tho difference 
between the second and the first, weighings to have the weight of the 
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vapour. The weight of this volume of air must therefore lie calcu- 
lated. 

We know the volume V of the globe at f, the pressure IT at which 
the first weighing was made, and the co-efficient of dilatation of air. Wo 
shall then have the weight p of tho air contained in the globe by means 
of the formula : 


P = 


VH 

7fi0 (1 + 0-0036 7<) X 


00012932. 


The weight of the vapour thus being completely determined, the 
weight of a volume of air equal to the volume it occupied when the 
globe was closed must bo calculated. 

Tho co-efficient of the glass being designated by K, the volume of 
the globe at T° will be V (1 + KT) ; not taking account of the differ- 
ence of temperature between 0 and l\ the volume of tho vapour will 
also be V (1 4- KT). 

This volume, when reduced to normal pressure and temperature, 
will be : 

v (I + kT) 7( J () ^ + 0-00307T) 


and the weight of an equal volume of air at the same temperature and 
pressure : 

v ( 1+KT )7«.Tr + >o« M 7T)- 000 “ 3 - 


The vapour density of the substance is therefore reprosenled by 

VI f.0-00 12932 


B — J* + 


r «6(l + 0-00367/) 


II '0-00 12932 

+ KT > 760(1 + 003 ( )ff}' 


Hitherto we have supposed tlie air to have been completely expelled 
from the apparatus ; if this were not the case, the experiment, would 
be reduced to tho same condition as if a globe had been employed 
smaller by the volume of air remaining. Wo will designate this 
volume by v, and the weight corresponding to it by m. 

We shall have : 


m = 0*001 2932.V 


II" 

760(1 + 0-003G7O 


Calling the temperature and pressuro at the time of measuring the 
volume f?, H and t". 

The weight of the vapour contained in the globe at the time it is 
closed is 

B — P +p — m. 

On the other hand, the air remaining in tho globe would occupy , 
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when this latter lias been closed, under the pressuro IT and at the tem- 
perature T, a volume^ represented by 

, IT" (1 + 0-00367$") 

” ~ *J1' (1 + 0-00367T) 

The volume of vapour ought therefore to bo diminished by v’ and will 
be equal to 

tv (l + KT) - e'l 760(1 + 0-00367T) 


As the weight of an equal volume of air under the same conditions 
of temperuture and pressure is 

1V(1 + KT) - ^ 7W(T - + «:_- 7I) .«.« 

the vapour density sought for will be equal to 

B — P + — m 


0*001 2932[V(1 -f KT) - v'] 


H' 


760 (1 + 0*0036 7T) 


The temperature T obsorvod by the mercurial thermometer ought 
always to bo reduced to that given by the air thermometer, or else 
great mistakes might bo committed at high temperatures. 

Wo will give below a tablo constructed by M. Regnault showing 
corresponding temperatures of the air and mercurial thermometers. 


Temperatures of 
the Mercurial 
riicmKmu'tcr. 

Temperatures of the Air Thermometer 
corresponding to those or the Mercurial 
Thermometer when made 

100 

of Crystal. 
100-00 

of ordinary Class. 
100*00 

110 

109-95 

110*02 

120 

119-88 

120*05 

130 

129-80 

130*09 

140 

139-73 

140*15 

150 

149-60 

150*20 

160 

159-49 

160*26 

170 

169-36 

170*32 

180 

179-21 

180*37 

100 

189-01 

190*37 

200 

198-78 

200*30 

210 

208-51 

210*25 

220 

218-23 

220*20 

230 

227-91 

230*15 

240 

237-55 

240*10 

250 

247 13 

249*95 

260 

256-76 

259-80 

270 

266-27 

269*63 

280 

275-77 

269*49 
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M. Deville’s Method. — This method, which we cannot describe in 
detail, and for which wo will refer to the original account,* is only 
that of M. Dumas modified. The modifications consist in the nature of 
the globe, which is of porcelain instead of glass, and the neck of which 
is closed by means of tho oxyhydrogen blowpipe at the end of the 
operation. 

Moreover, in this process, in order to obtain regular temperatures, 
the globe is placed in tho vapour of a body tho boiling point of which 
is Veil known and quite fixed. M. Deville has chosen tho vapour of 
mercury, which boils at 350 3 ; of sulphur, whicli boils at 440°; of cad- 
mium, which boils at 860° ; and of zinc, which begins to boil at 104 O ’. 
The temperature need not therefore be determined each time, and thus 
great difficulties are avoided. 

When the operation is conducted with mercury or sulphur, glass 
globes may l>o used ; but with tlie vapour of cadmium or zinc, porce- 
lain globes are indispensable, because ghiss becomes exceedingly soft 
at 860°. 


ORGANIC SERIES. 


For a long time organic bodies were classed according to their pro- 
perties. There were acids, bases, fatty bodies, etc. ; later, analogies 
were discovered between bodies apparently veiy dissimilar, and a 
classification into scries was adopted. The discoveries of the last ten 
years have enabled this classification to be systematized, and show how 
the totratomieity of carbon may be theoretically deduced. 

Carbon is tetratomic, that is to say, it can combine at tho maximum 
with four atoms of hydrogen. The hydrocarbide (Cl I 4 ) is therefore 
that which contains the greatest possible quantity of hydrogen. Such 
a hydroearbide cannot unite directly with monatomic bodies except by 
undergoing with thorn changes of substitution. All the liydrocarbides 
possessing similar properties are said to be saturated, j* 

Tho gas (CII 4 ) is not tho only saturated hydroearbide possible. In 
reality 2 3, 4, ... n atoms of carbon can partly saturate each other, 
and the groups C a , C a , C 4 , . . . Cn, to arrive at tho maximum of satura- 


* Aunales do Chimie et do Physique, vol. lvii. p. 257. 

t Polyatomic radicles may bo joined to these hydrocarbides, but this addition is 
really only a substitution. For instance, a Diatomic atom is substituted for a single 
atom of hydrogen by one of its centres of attraction ; its other centre of attraction 
remains free, and unites with the hydrogen eliminated, as shown in the following 
figure, in wliicli 0 represents a tetratomic utom of carbon, O a biutomic atom ot 
oxygen, and H a monatomic atom of hydrogen : 


0 

aZTZTZTJ 

(I) Cl) ® 


H 
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tion, require a smaller number of atoms of hydrogen than would he 
required by the different atoms which constitute these groups, if they 
were separate. Two atoms exchange at least two atomicities m order 
to unite ; consequently the group 0 2 only requires t»H to be saturated. 
In the group C 8 the atomicities lost rise to the number of 4, and the 
group C* is only octatomic. In a general way, n atoms of carbon loso 
at the minimum on uniting, a certain number of atomicities which is 
represented by 2 loss than double the number of atoms, as the follow- 
ing figures, in which the groups C 2 , C 8 , C 4 , C 5 exchange 2, 4, 6, 8 atdim- 
icities, show : 



If the atoms of carbon did not loso their capacity of combining when 
they unite with each other, these groups would require a quantity of 
hydrogen equal to four times the number of these atoms to be satu- 
rated ; let it. be 4». Rut as they loso a fraction equal to 2w — 2 of their 
capacity for saturation, the hydrogen which could saturate them 
would be An — ('In — 2) = 4ra — 2n -f 2 = 2n + 2. 

The liydroearbidcs C1I\ 0 2 1P, C 8 I1 R , C 4 Ii u ', C*H 12 , CII” C 7 JP 6 , 
C 8 1P\ Oil 21 ', ( 110 Il a , etc., may therefore be considered as saturated ; 
that is to say, as containing the largest possible proportion of hydrogen. 
The formulas of these hvdrocavbides all differ by the constant quantity 
CI1 2 : 

CH 4 + OH 2 = CTP; C 2 II 6 + CTI 2 = C 3 IP, etc. 

Resides, these hydrocarbides have all the same chemical function. 
Under the same influences they all undergo the same transformations, 
and regular differences are observed in their physical properties, as a 
constant difference is observed in their composition. Bodies which 
have the same chemical functions, and which thus constitute a series, 
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each term of which differs from the preceding by CH 2 more, and from 
the following by CH* less, have received the name of homologous 
bodies. The series they form is called an homologous series . 

We therefore deduce in the first place from the totratomicity of 
carbon the existence of an homologous series of saturated hydro- 
carbides the terms of which correspond to the general formula ck fc+ *. 

We know that each saturated compound may successively lose 1, 2, 
3, n molecules of the elements it contains, giving rise to non-saturated 
products. 

Each of the li vdrocarbidcs of the preceding series may consequently 
lose two atoms of hydrogen, producing a new hydrocarbide that is less 
hydrogenized than its generator. 


C II 4 would therefore give (■ IF 

C 7 1 1 1,1 would givo 

C Tl u 

(FH* 

Cl 1 4 

(■"IF" 

CIF" 

(Fir 

CTF 

< U® 

c ii ,R 

(FH 10 

ctf 

j H(q J22 

( <10 1| 20 


cm 11 - r r, ir° 

tnv* - nr* 


The hydrocarbides CU 2 , 0*1 1 4 , CIF, CMF, 0 B U ,# , < ,f *n' 2 , 0 7 H ,4 ,(V , II , \ 
C*Fl w , C ,H 1F°, etc., present a relation in their composition similar to 
that existing between their generators. They are therefore homolo- 
gous bodies, and their aggregate constitutes a second homologous series, 
the different terms of which may be expressed by the general formula 

C"H*“. 

The hydrocarbon CIF cannot lose hydrogen without returning to 
the state of carbon, but the succeeding liydrooarbides may lose IF and 
produce the compounds 

C 2 J F, Cffl 4 , C 4 IF, C*TL\ CIT 0 , ( 7 I1 12 , FTP 4 , CTl lfl , C ,# 1I ,B , 


which form a third homologous series expressed by the general formula 
CIF- 2 . 

Continuing to hike away hydrogen from the liydrocarbides of the 
third series, a fourth series would be obtained, and from this a fifth, 
then a sixth, and so on. 

The aggregate of these series forms one vast scries which comprises 
them all. This scries of a new order, each term of which is an entire 
homologous series, has received the name isologous series ; it is founded 
on the characteristic that each of the series it contains has a general 
expression which differs from that of the preceding homologous series 
by II 2 less, and from the following by IF more, so that fur these 
general expressions we have : 

CH 2 "* 2 , C"H 2n , OH*— 2 , OH*- 4 , CH*- 4 , (Ml**'*, 

OIF* - io, c-II 2 "- 12 , etc. 

Each term of an homologous series has the same relations towards 
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GENERAL TABLE SHOWING TnE DIFFERENT SERIES OF HYDROCARBONS — continued. 
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the corresponding term of the other homologous series as is shown 
between the general expressions of those series, that is to say, they 
differ between themselves by one or more times H* more or less. 
Bodies presenting those relations are called isologons. 

So far wo have supposed that each homologous scries is simple, that 
is to say, that each of the preceding formulas applies to a single hydro- 
carbido. Nevertheless, facts show that this is not the case. 

Tn the preceding explanations it has been shown how a number of 
other non-saturated hydrocarbides correspond to each saturated hydro- 
carbide answering to the formula C n II 2 * + 2 , and these non-saturated 
hydrocarbidcs ought, according to their relations with the first, to act 
as bi, tri, tetra, .... hcxatomic radicles. 

Let us consider the saturated series C"IP , + 2 and the next to it 
the scrios OTP", and for simplicity let us in these series take two 
hydrocarbides containing the same quantity of carbon, such as the 
compounds (C*TT R ) and (C s li°). 

It is clear that (C 8 H r ’) has a constitution analogous to (C*H 8 ), with the 
slight, difference that two of the atoms of hydrogen are absent, and 
consequently leave two centres of attraction vacant. The following 
figures show these relations : 

c_ JL c 

■ ■ i ■ ) (I I (■) ( I I. I r> psTTR 

■'ll (I) (!) ( £Z‘!.— i.Zi MU CD (D “ 111 

II c 11 




IT 


0 


( 1 i _ I “ l.U D CD C ■ I ■ l ) 


(i) ( i n ■' i ) (i,i (i; (i) 

P a II 0 '-jp' 


= CTP 


The letters C indicate the atoms of carbon, H the hydrogen, and the 
Greek letters a and P tlio froo centres of attraction in the hydrocarbido 
(( 1S IP). But it would be equally possible that the three atoms of 
carbon which enter into tlio constitution of the compound (C 3 IP) should 
in the nbovo graphic representation overlap one another more and 
should lose more than four atomicities, this figure four only expressing 
tlio minimum quantity they could lose. For instance, it will readily 
be understood that the body (C 8 H C ) might have the following form : 

C II 0 

CTZXZTi Zrn CD (TZ'i l Ik ) 

j; ( D (D uZOZD (i) (i) 

ii v IT 

in wliioh no froo centre of attraction would be found. 

Th«8 theory indicates that there may bo two isomeric hydrooarbides 
corresponding to tlio formula (CW), one of which is saturated, and the 
othor derived from tho hydrocarbido (C 3 !!*) acting asabiatomio radicle. 
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The reasoning which we have applied to tho body ((MF) being 
equally applicable to all its liomologues, wo may say that, while 
each term is simple, considered with regard to saturation, in the 
(VIP ** 2 series, it is possiblo that each term may be double in the 
(MI 2 " scries. 

If tho same reasoning were applied to tlio CMP "" 2 series, it would bo 
found that three isomers are possible for each term ; ono derived from 
the corresponding term of the first series by eliminating II 4 , and which 
acts as a tetratomie radicle ; tho second acting as a biutomic radicle, 
derived from the corresponding saturated term of the second series ; 
and the third saturated. 

For the fourth series, four isomers of each term will similarly be 
found; for the fifth, five; and generally for any series whatever, a 
number of isomers equal to tin? number which represents the iiuiuIhu* 
of tho order of the series, will he found. 

The general view of the hydrocarhides classed in series then 
assumes the form represented in the, table. In this table the. atomicity 
of radicles is indicated by dashes or Reman figures, and the sign o in- 
dicates saturation. 

Tho isomers which ar iso from differences of saturation, and which 
are indicated in this table, are very far from being the only ones 
possible ; each bydrocarbido, whether saturated or not, may have 
isomers of the same degree of saturation as itself, and in greater number 
in proportion as it contains more carbon. These isomers are owing to 
the atoms of carbon being capable of being grouped in different ways, 
in order to exchange a certain number of atomicities among themselves. 

If we take the hydrocarhides ((/II 4 ), ((MI' ! ), and (( ,:i JI H j, we shall 
sec that they cannot have isomers. The first contains a single atom of 
carbon, and the other two contain too few for different groupings to 
be produced. Between two atoms of carbon, which only exchange one 
atomicity, it is evident that there can only be the grouping 


0 


II 


(i; (Ij (| v ' ■ i 



■i./ 
;i > 


When the atoms of carbon are increased in number to three, they 
may be imagined as united in the following manner : 

0 11 <’ 

( rZTZTHn Ob r«) i i”i „ ■ __ i\> 

<u (t) d) (~i i~~i i ) cj dj tij 

nr 

in which ono of the three atoms loses two atomicities, ami tho two 
others one each, unless they overlap each other more and give a hy 
drocarbide less hydrogenized than 

2it li 
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Rut if the hydrocarbide (C 4 II 10 ) ho considered, it will be found that 
it can have two isomers. In reality tho condition under which this 
hydrocarbide exists is that the four atoms of carbon lose a total of six 
atomicities. This condition may be fulfilled in two different ways : 

(i n_ 0 

TTi~i^T) ri) (i) ( i ri.i (i) (|J 

•it i%) (tj ( i " l l -j~ ) (|) ci) ( |_ C_ I ■_ > 

~i v> if v 

Fig. *• 
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(TZZT 
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- 


- 

-> ! 

r f 

!- 


V* *('. 


:r 

iVi 



zro 

^1.- 



K*«- 


Eilhcr, as in the figure a, the four atoms form a chain in which tlio 
two middle atoms each lose two atomicities, while those at tho 
extremities only lose one. 

Or, as in figure p, one atom of carbon exchanges threo atomicities 
with three other atoms of tho same body which only themselves ex- 
change one each, thence the two isomeric hydrocarbides 0 4 II 10 and 
OIF 
OIF 
OIF* 

II ’ 


C 


For analogous reasons, it will be found that throe isomers are pos- 
sible for the hydrocarbide (C 5 1I I!! ), four for the hydrocarbide (C 6 II U ), 
and so on. 

Thus, starting from tho atomicity of carbon, we may deduce what 
are tho hydrocarbides which exist, or at least which may bo admitted 
theoretically, and all those hydrocarbides may be classed in homologous 
series, united among themselves, and forming one vast isologous series 
which includes them all. 

If wo now examine what ought, to be the properties of the saturated 
hydrocarbides of the different series, we shall bo convinced that by 
losing 1 , 2, 3, . . . ft atoms of hydrogen, these compounds might pro- 
duce mono, bi, tri . . . n atomic radicles. Among these radicles, 
those of uneven atomicity arc merely tho nan-saturated hydrocarbides 
indicated in the table. The radicles of even atomicity do not appear 
there because they cannot exist in a free state. 

1 will suppose that the monatomic radicle C 8 H 17 , the biatomic radicle 
C 8 H 10 , tho triatomic radicle C 8 H l \ tho totratomic radicle C*H 14 , etc., 
correspond to the saturated hydrooarbide C 8 H W . 
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Experience has shown that 1 atom of oxygen may bo substituted for 
2 atoms of hydrogen in all monatomic radicles ; that 1 atom of oxygen 
may be substituted for 2 atoms of hydrogen, or 2 atoms of oxygen 
for 4 atoms of hydrogen, in all biatomic radicles; that 1, 2, or 3 atoms 
of oxygen may bo substituted for 2, 4, or G atoms of hydrogen in all 
triatomic radicles; in a word, that in any hydrocarbon whatever 
0 may be substituted for IT* any number of times equal to the number 
representing the atomicity of the radicle. 

These substitutions do not alter the atomicity of the radicle at all, 
this remains as it was before. Only, the radicle becomes mure and 
more electro-negative as the oxygen more completely replaces the 
hydrogen. The same saturated hydrocarbide may therefore give rise 
to a great number of radicles either oxygenated or not. 


For instance, the following radicles would 

correspond to the hydn 

carbide C H H": 





l.“TI' 7 ' 

0 H TT l ® ,r 

(TIP"' 

(VIP" 

| H|||3V 

( 'K| | ISVi 

o-ipo 

crii M <>" 

PIPO"' 

PIPO" 

( m ir n o v 

C'lPO" 


CniW 

( J H I f 

( <S 1 ) VIV 

c-in r 

( w ||“0"’ 



(VTPO*'" 

c"iro ,,v 

riro 1 ' 

(Mro ,vi 




pim 41 ' 

(vqpo 4 ' 

nm 4 ' 1 





< ih N‘< r v 

(VO"" 


Each of these radicles may givo rise to a number of compounds which 
will be groupod round it as a centre. 

Such an assemblage (if compounds lias been called a group, and tin? 
radicle round which they are arranged is called the pivot, of the 
group. 

The different central or pivot radicles of groups naturally belong to 
the liydrocarbkle from which they are derived, and which is called 
their fundamental hydrocarbide. 

The aggregate of all the groups which collect, round a fundamental 
hydrocarbidc forms what is called a heterologous series. 

Saturated hydrocarbides arc not the only ones that are capable of 
forming heterologous series. Any non- saturated hydrocarbidc what- 
ever can, in certain conditions, act as if it wero saturated, the only 
difference being in the properties of the compounds formed, which 
arc always of the same degree of saturation as the liydrocarhidu whence 
they are derived. 

The result is that, to each term of the first homologous series, them 
should correspond, according to the principle of saturation, a single 
heterologous series, two to each term of the second, three to the third, 
and so on. 

The aggregates of different heterologous series, the terms of which 
are isomeric, each with each, and which only differ in their degreo 
of saturation, constitute series of a new order, which as yet have 
received no name, l because no one but myself has indicated their possi- 
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bility. They may bo called eikologous series, from tho Greek word 
ciirctfs, similar. 

Thus around each radiclo thero ranges a group of which it is the 
pivot. The different groups united round the same fundamental liy- 
drocarbido constitute a heterologous series. The different heterologous 
series derived from isomeric fundamental hydrocarbides form an 
eiJcologous series. The different eikologous series, all the terms of which 
are homologous among tkemselvos, form a homologous series. Finally, 
the whole of the homologous series form the great isologous series 
which comprises all bodies in organic chemistry. 

I say that tho preceding series contain all the bodies in organic 
chemistry, though tho place certain compounds ought to occupy is 
still unknown. This ignorance is not owing to the fact that these 
compounds havo not their places in these series, but that they have as 
yet been too little studied for thoir places to be known. 

All the bodies whose serial classification may be imagined are far 
from being known. Only three homologous series have been much 
studied : that in which hydrocarbides have tho general formula 
( that in which they have tho formula C"1 1*", and that in which 
their formula is 0“IP“ fl . In all tho other sorios only a few terms hero 
and thero uro known ; the others remain to bo discovered. Moreover, 
the classification allows us to foresee an immense number of isomers of 
which vory few are as yet known, and which can only be discovered 
after new and numerous experiments. 

We arc far, howovor, from affirming that all the bodies indicated are 
really jxwsible. In the deductions which havo served to establish 
their formula), we have not taken into account the laws according to 
which the stability of bodies decreases as the molecule becomes com- 
plicated,. which laws would greatly limit the number of compounds 
that can bo realised. These laws are not known as yot, and will only 
bo bo when numerous discoveries shall have ronderod tho series more 
complete than they are at present. Tho actual classification is there- 
fore only a largo tablo which includes formulas, deduced algebraically, 
of all organic compounds whether possible or not. The knowledge of 
the laws which regulate the stability of bodies will alone complete this 
classification by assigning to it its true limits. 

It is evident that, starting from the atomicity of any body, the series 
of all its compounds which are theoretically possible may be algebrai- 
cally deduced ; and later, the series of its compounds that are really 
possible, when tho laws governing the stability of bodies shall be 
known. 

Tho elements boing classed in series according to their atomicity on 
one side, and according to their electric polarity on the other, tho 
whole of chemistry will constitute an immense series. 

Finally, in all those series the physical and chemical properties 
being modified according to laws which may be discovered, we can 
foresee a state of chemistry in which, without studying the projHjrties 
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of different bodies in dotail, and knowing only the number, atomicity 
and electric polarity of the elements, it will bo possible to dot ermine 
by simple calculation the formulas, properties, and mode of genera- 
tion of all compounds possible Wo need not point out how important 
might be the results indicated in this conception. 


IIYDROCARBIDES. 

Hydrocarbides corresponding to the Formula (MI 2 " + a . This 

series only contains, and can only contain, saturated liydroearbidcs. 

. Natural Static, Preparation. 1st. — Many liydroearbidcs of this 
series are found native. The gas (CJ1 4 ) is disengaged in marshes, and 
Messrs. Cahours and Pelouze have extracted from tho petroleums of 
America, by means of fractional distillation, tliu compounds 

c 4 ir°, c 6 ii la , c°h 14 , cm 1 ", cm 18 , c v if\ c ,u n% c u if\ c la ip, cm™, 

C 14 1P, C 15 I1 32 , and cm» 

Moreover, according to these chemists, it cannot be doubted that tho 
parts of petroleum which boil at a higher temperature than tho com- 
pound ((PIP 4 ) also contain other liydroearbidcs which arc houiuluguoH 
of tho preceding ones. 

2nd. Thoso hydrocarbidos are formed when acids answering either 
to tho formula (0" + 1 IP* +*()*) or to (C* + *lP" + a () 4 ) are submit ted to in- 
fluences which cause them to lose carbonic anhydride : 

(0- +, H 2 - +5I 0 2 ) = (CO 2 ) -f (CMP** 2 ) 

Carljonic 

uuliydiide. 

( C .+2 I p, + ^) = 2(00*) + (C“ir*+*) 

CartKinic 

aiihydrliie. 

Generally, those acids are heated with an excess of alkali : it is, how- 
ever, important to remark that at the temperature at which it is 
necessary to operate, tho carbonic anhydride exercises an oxidizing 
action on the hydrocarbides formed. Instead of tho saturated bodies of 
which we spoke, products are generally obtained less hydrogenized in 
consequence of this secondary reaction. Nevertheless, marsh gits can 
be readily prepared by this process by means of acetic acid, and flic 
hydrides of hexyl and octyl by means of suberic and scbaeic acid : 


(CTH’KO 1 ) 

Acetate of 
pobuuium. 

+ 

(KUO) 

Potash. 

= (CICO 8 ) 

Carbonute of 
{HjtOtfeiUUl. 

+ 

(CUV 

Mnr&li gat*. 

(C®I1 ,2 K*0*) 

Suberalo of 
pouuuluui. 

+ 

2(KIJ0) 

Potash. 

= 2(CK*0") 

Cailmnal* <‘l 
potu&biuiii. 

+ 

(("■Il*') 

llydii'lt' >i| 

lu-Ayl. 
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(C 10 H w K*O 4 ) + 2(KHO) = 2(CK a O # ) + (C 8 H 18 ) 

Rebate of Potash. Carbonate of Hydride of 

potassium. potassium. .octyl. 

3rd. The same hydrocarbides aro obtained by submitting to tho 
simultaneous action of zinc and water compounds derived from the cor- 
responding alcohols, and which represent the hydrocarbide sought for, 
in which an atom of hydrogen is replaced by iodine. Tliis operation 
ought to take place in hermetically -sealed tubes, and requires a tempe- 
rature of about 200°. 


2(CriI»I) + 2Zn + 2(I1 2 0) = (§f} ° 2 ) + ( Z p"f) + 2(C*H‘) 

Iodide of Zinc. Water. Hydrate of Iodide Hydride 

elliyl. zinc. of zinc. of elliyl. 


Instead of heating tho iodides of the hydrocarbon radicles water 
and zinc together, a combination of these radicles with zinc (organo- 
mctallic compounds) may be first, prepared, and this combination do- 
composod by water. 



Zinc ethyl. Water. 


(55"} ° 2 ) + 2 (ctI*) 

Hydrute or Hydride of 

zinc. ethyl. 


4 ill. These bydroearlions may also bo prepared by means of others 
containing two atoms of hydrogen less than they, and many of which 
liavo been obtained by direct synthesis by means of their elements. 

In order to obtain tho carbides of hydrogen (C ,, ll !i “ +2 ) by means of the 
carbides those latter are combined with bromine. The com- 

pound formed (CMPBr 2 ) being heated to 275° with a mixture of 
iodide of potassium, copper, and water, decomposes. The hydrocarbide 
/(<..]] 2 m \ p ar f|y reconstituted and partly transformed into the hydro- 
carbide (( 1 "IP ,+ *). 

5th. Ono of these hydrocarbidcs, marsh gas (CII 4 ), has been obtained 
synthetically by the simultaneous action of sulphide of carbon and 
bydroKulphuric acid on copper heated to redness. In this case carbon 
and hydrogen arc sot free, and unite in the nascent state. 

6tli. Many of these hydrocarbides have been obtained by the action 
of red heat on butyrates and acetates. 

7 tli. These bodies are formed during the dry distillation of boghead 
coal, canncl coal, and fatty substances. 

8th. By distilling amylic alcohol with chloride of zinc, M. Wurtz 
has obtained the hydride of amyl ( C 15 II“) and several of its homolognes. 
liydrocarbides belonging to the (C”! l 2 ”) series form at the same time 
in this reaction, as well as other hydrocurbides still less hydrogenized 
and as yet imperfectly studied. 

tfth. M. Schutzcnberger has recently discovered that the hydro- 
carbide (C*H®) (methyl or hydride of ethyl) is produced, mixed with 
carbonic anhydride, when hot acetic acid is made to act on the binoxide 
of barium. 
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2 (ct£8}°) + ( B * 0 ’) - (’"'{octto) + 2 (w) + (ftp) 

Acetic anhydride. Binoxide Acetate of barium. Carbonic 

of barium. anhydride. 

Properties. — 1st. All these carbides of hydrogen are saturated 
which signifies that none of them can unite either with chlorine! 
bromine, or monatomic radicles in general. 

2nd. Submitted to the influence of bromine or chlorine, these hydro- 
carbides can exchange thoir hydrogen for theso metalloids. Those of 
the compounds thus fonned which contain a single atom of chlorine 
or bromine, are capable of exchanging this atom for the residue (OH), 
and an alcohol is then produced. When speaking of alcohols we shall 
seo how this substitution is effected. 

3rd. Trichlorinatod products appear to decompose and form a mono- 
basic acid answering to the formula (CMPt)*) under the influence of an 
alcoholic solution of potash. At least it has been proved that in these 
conditions trichlorinatod marsh gas (chloroform) (0IKJ1 8 ) is trans- 
formed into formic acid, and trichlorinatod hydride of ethyl into acotic 
acid. 

-f- 4(^1 ()) = 3(^[) 4- (O-IP-'KO*) 

Trichlorinatod l'utasb. Chloride of I*. > tushie sail. 

hydrucurbide. potassium. 

4- 2 pro ) 

Water. 

4th. Nitric acid attacks the higher terms of this series, producing 
derivatives in which the hydrogen of the hydroearbido is partially 
replaced by the group (NO*). Thud, with the hydride of capryl 
(0 8 1I 18 ) the compound [C 8 ll ,7 (NO*j] is obtained. The lower tenns of 
the series do not undergo any alteration by nitric acid. Hut deriva- 
tives of these bodios in which tho hydrogen is replaced by tho radicle 
(NO 8 ) have been obtained indirectly. Those compounds are called 
nitrous derivatives, and tho substitution which gives rise to them is 
called nitrous substitution. 

Starting from the hydroearbido (0 4 IP°) which can have two isomers, 
all the terms of this scries may have some also, and the number of 
these isomers possible increases by one for each atom of carbon added 
to (C 4 H 10 ). Thus (C 5 1I 18 ) might have three isomers, (i™ll 14 ) four, 
(C 7 II W ) five, etc., all these isomers being equally saturated. 

Nomenclature. — Several systems of nomenclature have been pro- 
posed for those hydrocarbides actually known : they were first sup- 
posed to be constituted by the union of a monatomic radicle with 
hydrogen, and they were called hydrides of theso radicles. 

Thus marsh gas (CII 4 ) has received the formula (CJPJf), and has 
been designated hydride of methyl ; tho gas (C*I1\) has received tho 
formula (C*1PII), and been named hydride of ethyl, etc. 
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Later, M. Berthelot proposed to take their names from the mono- 
basic acids which aro derived from them. Marsh gas has thus become 
formcne ; hydride of ethyl, acetene , and so on. 

Finally, Messrs. Cahours and Pelouze, applying to these bodies a 
nomenclature analogous to that Gerhardt adopted for the hydrocar- 
buretted monatomic radicles derived from them, have proposed to 
deduce their names from the number of atoms of carbon they contain. 
Marsh gas thus becomes protylene , hydride of ethyl deutylene, etc. 

Wo give below tho formulae of those of these hydrocarbides that 
are known, with the names corresponding to them in those three 
nomenclatures, the last of which seems to us the most preferable. 

Gerhuidt’s names. 

(Cn 4 ) nydride of methyl . 

(C* H® ) Hydride of ethyl . 

(C a Il°) Hydride of propyl . 

(C 4 II 10 ) Hydride of butyl . 

(C*1P) Hydride of amyl . 

(C® ll 14 ) Hydride of hexyl . 

(C 7 II 1 ®) Hydride of hoptyl . 

(CM1 ,H ) Hydride of octyl . 

(0® IP) Hydride of nonyl . 

(CMP) Hydride of decyl . 

(C u .l I* 4 ) 1 lydride of undecyl 
(CM P) Hydride of bidocyl . 

(CMP 1 ) Hydride of tridecyl 
(CMP) Hydride of tetradecyl 
(CMP) Hydride of pentadocyl 
(CMP) ’Hydride of hexadocyl 

It must be remarked that tho words hexylene, hoptylone, octylenc, 
lionyleno— 1 which aro proposed by Messrs Cahours and Polouzo to 
designate tho bodies (C®lI l4 ) t (C 7 il 1 ®) l (C“H w ),(C 0 H i0 )— are used by the 
greater number of chemists to designate the hydrocarbides : 

(C 6 IP),(C 7 II 14 ),(C 8 1I 1 ®),(C®II IB ). 

To avoid this confusion, though we consider the names used by 
Messrs. Cahours and Pelouze as excellent in themselves, wo will use 
the names fouud in the first column. 


Iterthelot’s 

names. 

Cahours and 
Pclouze's names. 

formene • 

protyleno. 

acetene . 

deutylene. 

propioneue . 

tritylene. 

butyrene . 

tetrylenc. 

valerono . 

pentyl ene. 

caproeno . 

hexylene. 

am an thy lone . 

hoptylenc. 

caprylcno 

octylone. 

polargoneno . 

nonylone. 

docylene. 

ruteno . . 

undecylono. 

laurene 

bidecylcne. 

cociuono . 

tridecyl ene. 

myrysteno 

totradecyleno. 

l>eiiene 

pentadocyl ene 

palmitene 

hexadocyleue. 


Study of the most important Hyorocakbides (OH** 8 ). 

Marsh Gas (CH 4 ). — This is produced naturally in marshes by tho 
putrefaction of organic matters. On stirring stagnant waters, bubbles 
are seen to rise, which area mixture of this gas, nitrogen, carbonic 
anhydride, and sometimes hydrosulpkuric acid. 
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Marsh gaB is found also unhappily in coal-mines, whore it mixes 
with the air and forms an explosive gas known as fire-damp. Thu 
explosion takes places when the miners approach tho inflammable 
gas with a lightod lamp. To avoid this accident, Davy surrounded the 
miner’s lamp with a cylinder of fine wire gauze, which cools the Hume, 
so that It is confined to the interior of the cylindor and cannot oxteud 
to tho outside. As the internal explosion extinguishes these lamps, 
several platinum wires are fixed on the wick. Theso wires remain 
incandescent all the time the miner is in tho inflammable atmosphere, 
and give sufficient light to direct his courso. As Davy’s lamp gives 
less light than the ordinary ones, owing to the cylinder of metallic 
gauze, tin reflectors are placed behind the flame. Fire-damp does not. 
generally contain either olefiant gas (0*11 4 ) or oxido of carbon. 

Marsh gas also arisos from the earth in many localities. Gun springs 
are known which have burned from time immemorial. Mud volcanoes, 
which arc found in many places, are a species of muddy eruption caused 
by this gas. 

Marsh gas is produced at the same timo as other carbides of hydrogen 
when organic substances of a very simple constitution are heated to 
redness. M. Berthelot has obtained it by transmitting the vapours of 
formic acid (CIFO a ) through a red-hot porcelain tube. 

M. Dumas has mado known a process by which this gas can lie 
obtained in an almost pure state, and which consists in heating in a 
retort a mixture of two parts of crystallized acetate of sodium, two 
parts of hydrate of potassium, and three parts of powdered quicklime. 
The lime is to moderate tho action of the potash on the glass of the 
retort, which it would otherwise break. The reaction is the following 
(see 2nd general process). 

(C*li 3 NaO*) + (KUO) = (ONoKO*) + (CII 4 ) 

Acetate of sodium. lYitubli. Carboiialf* of iU.irnli (,'iU. 

{MiUis&iiiui uiiil sodium. 

M. Dumas’ process is really an analytical one; but it lias become syn- 
thetic since M. Kolbu has obtained the trichloracetic acid by means of 
its elements, and M. Melsens, acetic acid by means of trichloracetic acid. 

M. Melsens has also succeeded in preparing marsh gas by submitting 
tetrachloride of carbon (CC1 4 ), which M. Kolbu obtains synthetically, to 
the action of nascent hydrogen, developed by means of water and the 
amalgam of sodium. 

(0C1-) + 4(“}j - 4(»f) + (cir) 

Perchlorlde Hydrogen. Hydrochloric Marbli K^- 

of carbon. acid. 

M. Berthelot obtained this gas by transmitting a mixture ol hydro- 
sulphuric acid aud vapour of sulphide of carbon over red-hot cnpjwr. 
Tho copper seizes the sulphur, while the carbon and hydrogen in a 
nascent statu react on each other and combine. This reaction i* very 
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complicated : it gives rise not only to marsh gas, but to many other 
bodies. 

Lastly, in order to obtain marsh gash perfectly pure, zinc-methyl 
must be decomposed by water (see 3rd general process.) 

(ZM + *(?}o) - ( z S}o-) + .(®) 

Zinc-methyl. Water. Hydrate of sine. Marsh gas. 

Marsh gas is colourless and has neither tasto nor smell ; it exercises 
no action on test paper, and requires 18 *3G times its volume of water 
at 0° to dissolve it; its refracting power is 1*504 and its density 
0*5570. It does not support respiration, but it is not poisonous. 
If mixed with a sufficient quantity of oxygen it may be breathed 
without danger. It burns readily with a dull flame. When mixed 
with air or oxygen it explodes on contact with an ignited body. 

When this gas is passed through a red-hot tube, its volume is doubled, 
being converted into hydrogen at the same time as carbon is deposited. 
Whon decomposed by electricity tho same result is produced. 

(on') - <1 + 2 (g}) 

Marsh gas. . Carbon. Hydrogen. 

In this reaction a small quantity of oily matter is also produced. 

Chlorine acts very differently on marsh gas, according to tho condi- 
tions of the experiment. If a mixture be made of four volumes of 
chlorine and two volumes of marsh gas, no reaction takes place in 
darkness, but under the influence of the electric spark or direct sun- 
light a violent, explosion is the result ; carbon is deposited and hydro- 
chloric acid is formed : diffused light causes this reaction only after 
some time. 

(cir) + 2®) - *(g}) + <' 

Marsh gas. Chlorino. Hydrochloric Carbon. 

acid. 


If, on tho contrary, a mixture be made of one volume of marsh gas, 
one volume of carbonic anhydride and an excess of chlorine, a liquid 
is produced which contains chloroform and percliloride of carbon. 


(civ) + 

»G31) 

ii 

M 

'2B 

+ 

(CHCl 3 ) 

Marsh gas. 

Chlorino. 

Hydrochloric 

acid. 

Chloroform. 

(on) + 

KSS) 

+ 

RG 

-f 

II 

(cci 4 ) 

Marsh gas. 

Chlorine. 

Hydiocldoric 

add. 

1’erchloride 
of carbon. 
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If chlorine be made to react on an excess of marsh gas, either chloride 
of methyl or an isomer of this body is formed. 

(on-) + g) - (gj) + (dm) 

Marsh gas. Chlorine. Hydrochloric. Chloride of 

acid. methyl. 

This latter body, submitted to tho action of acetate of silver by 
M. Borthelpt, has exchanged its chlorine for oxacctyl, and has thus 
furnished acetate of methyl from which methylic alcohol has been ex- 
tracted by saponification. 

(oh-oi) + (<^°}o) . (Agoi) + ( t ^;;}o) 

Chloride of Acetate of silver. Chloride of Acetate of 

methyl. silver. methyl. 

(°3?}o) + (5)o) . r™[o) + c ; v;)o) 

Acetate of methyl. Hydrate of Acetate of Methylic 

potassium. potassium. alcohol. 

Under the simultaneous influenco of moisture, chlorine, and sun- 
light, marsh gas decomposes, giving hydrochloric acid and carbonic 
anhydride or oxide of carbon. 

(cn-) + j(S}o) + 4(g)) - «("}) + M 

Marsh gas. Water. Chlorine. Hydrochloric (Tirbonlr 

acid. anhydride. 


Bromine attacks this gas with difficulty. 

Oxychloride of carbon converts it into hydrochloric acid and chloride 
of acetyl. 

(CH 4 ) + (C0"C1‘) = (IIC1) + m 

\C lei / 

Marsh gas. Chloride of Hydrochloric Chloride of 

carbonyl. acid. acetyl. 

Concentrated nitric acid, even when mixed with sulphuric acid, has 
no action on marsh gas. It is the same with heated chloride of sulphur, 
perchloride of phosphorus and chloride of antimony. 

Hydride of Amyl (C 5 H 12 ). — Hydride of amyl is produced by the re- 
action of iodide of amyl on zinc and water (see 3rd geneial process) at 
a temperature of about 142°. 

2^C*H"l) + 2Zn + 2(ll 2 0) = (^f °’) + ( 7 ‘ n " V ) 

Iodide of amyl. Zinc. Water. Hydrate .1 Mj't-' 

zinc. * ,nc - 

+ 2 (C‘H M ) 

Hydride of amyl. 
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Instead of cansing water and zinc to act simultaneously on the iodide 
of amyl, zinc-amyl (Zn'YCH”)*) may be decomposed by water. 

+ 2 (n}°) - ( z “1oi) + 2 ( c ‘ n ") 

Zinc-amyl. Water. Hydrate of sine. Hydride of 

amyL 


TTydrido of amyl is also formed at tho same time as amyleno when 
amylic alcohol is decomposed by chloride of zinc. As the dehydration 
of amylic alcohol ought only to givo amyleno or homologues higher 
than this body, the production of the hydride of amyl is necessarily 
accompanied by that of hydrocarbides that are less hydrogenized than 
amyleno (Wurtz). In order to obtain the hydride of amyl in a pure 
state, the product which passes between 30° and 40° is collected, 
treated with bromino, which seizes the amyleno, and again distilled. 
Tho hydride of amyl, which boils at 30°, is then easily separated from 
tho bromide of amyleno, which boils at 90°. 

Hydride of amyl is found ready formed in the petroleums of 
America. 

It is a colourless and transparent liquid, very volatile, and has an 
agreeable ethereal odour; its density is 0*0385 at 1 4° * 2, which makes 
it the lightest of all known liquids. It boils at 30°, and remains liquid 
at — 24° ; its vapour density lias been found to bo 2 *.‘182. 

Hydride of amyl cannot bo mixed with water, but it mixes in all 
proportions with alcohol and ether. 

It burns with a very bright but sooty flame, but its vapour burns 
without smoko. 

Concentrated sulphuric acid has no action on this body, neither has 
fuming nitric acid, nor a mixture of nitric and sulphuric acids. 

When chlorine is substituted for the hydrogen of the hydrido of 
amyl, the monoclilorinatod derivative appoars to bo identical wifh iho 
chloride of amyl ; at least it furnishes amylic alcohol when submitted 
to tho action of acetato of silver, and the product, of this reaction is 
saponified by alkalios. 

The oxychloride of carbon, in acting on tho vapour of hydride of 
amyl, givos rise to a double decomposition, the products of which arc 
hydrochloric acid and chloride of eaproyl. 



Hydride of amyl. Chloride of 

carbonyl. 



Hydrochloric Chloride of eaproyl. 

acid. 


Hydrocarbides corresponding to the Formula (C'H*). — Theory 
leads us to expect two isomeric carburettcd hydrogens for each term of 



HYDB0CARBIDE8. 


383 


this series, one saturated and the other acting as a hi atomic radicle. 
When one of these hydrocarbides, either saturated or not., can have 
isomers of the same degree of saturation as itself, tho number of those 
possible isomers is the same as the number of possible isomers of the 
hvdrocarbide of the series which contains the same quantity 

of carbon. 

The constitution of the hydrocarbides that are actually known in 
this series is explained by admitting that it is the same as in the pre- 
ceding series, with tho slight difference that the chain they form is 
closed as shown in tho following figure : 

IT 

( ■ _ ■ • t ) r7> 'Tc 4 

$ u> «ii i i ~i i i ) 

ir 

C*IF m 


C 


H 


C« I I _ i ) (i) (i) O') 

(!) 0) Cl) CrZTZ'CI'D 


H 


c 


C-H 2 ^ 


It might as easily bo admitted that tho chain is open, and that these 
hydrocarbides are not saturated, but it is impossible to decide this 
question. Tho following figure will show tlioir constitution according 
to this latter hypothesis : 


C 


n 


cTZTZTzrrm m . 

■ (i) ( 3 ) Cllirci) 


II 


c 


Preparation. — 1st. Those hydrocarbides may bo proparod by the 
reaction of bodies which readily absorb moisture on alcohols differing 
from thorn by the olemonts of a molecule of water : 

(C*H 8 0) = (IPO) 4- (CTP) 

Alcohol. Water. Ethylene. 

Concentrated sulphuric acid or chloride of zinc is generally used for 
this process. M. Wurtz has stated that when amylic alcohol (C ft H ,2 0) 
is treated with chloride of zinc, there is formed, besides amylono 
(C 5 II 10 ) which corresponds to it, a great number of homologues higher 
in the series than this body. Wo havo seen that hydride of amyl 
(C 5 H 1 *) and its homologues are also obtained in this reaction at the 
same time as hydrocarbides which are less hydrogenized than those 
answering to tho formula (CMP"). These are not known in detail. It 
is singular that this phenomenon is not observed more with tho 
caprylic alcohol (C 8 H 18 0), which, though moro complicated than amylic 
alcohol, decomposes much moro regularly than this latter, giving water 
and octylene (C 8 H W ). 

2nd. These hydrocarbides are also formed when acetates and buty- 
rates are heated to redness. They are isolated from the products with 
which they are mixed by combining them with bromine, and arc then 
separated from their bromides by heating these to 275° with copper, 
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water, and iodide of potassium. M. Berthelot, to whom we owe the 
knowledge of* this reaction, has thus obtained ethylene (C*H 4 ), propy- 
lene (C 8 H fl ), butylene (0 4 H 8 ), and amylene (C 5 H 10 ). 

3rd. These compounds are also formed by the action of a mixture of 
sulphide of carbon in vapour and sulphuretted hydrogen on red-hot 
copper. 

4th. One of these hydrocarbides, amylene, may be produced by 
causing zinc-othyl to react on the iodide of allyl : 



Iodide ofullyl. Zinc-ethyl. iodide of Amylene. 

zinc. 


or the iodide of ethyl on the iodide of allyl in presence of sodium : 

HI) + HI) + a * HI) + ( mp ) 

Iodide of Iodide of Sodium. Iodide Amylene. 

ethyl. allyl. of sodium. 

But. amylene thus obtained is isomeric and not identical with ordi-. 
nary amylene. While this latter answers to the formula 

11* H* H* 31* H* 

0 — O'— C— C— c, 

artificial amylene appears to correspond to the formula 

H* H* II H* II 8 

C-C-C-C-C. 

5th. By causing hydriodic acid to act on mannite, an iodized body 
(hydriodate of hexylene) answering to the formula (C f, H«,lII) has beeif 
obtained. This body, when treated with oxide of silver, furnishes 
hexylene : 

2(CTTTO) + (Ag v 0) = 2(Agl) + (IPO) + 2(C°H li ) 

llydrifiduta of Oxide of Iodide of Water. Hexylene. 

hexylene. silver. silver. 

Butylene (C 4 II 8 ) has been procured by a^similar process, using ery- 
tbrite instead of mannite. 

Gth. Thcso bodies are obtained by transmitting the hydrochloric 
ethers of corresponding alcohols over lime, heated to dull redness : 

2(C fl II ,1 Cl) + (CaO) = (Ca"Cl*) + (H*0) + 2(CTP) 

Chloride of Lime. Chloride Water. Amvlene 

amyl. of calcium. * 

7th. M. Berthelot has obtained propylene (CTP) by transmitting a 
mixture of marsh gas and oxide of carbon through a red-hot tube : 

(CO) + 2(CH 4 ) = (CTP) + (IPO) 

Oxide of Aland) gas. Propylene. Water 

carbon. 
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8th. Propylene has also been prepared by Messrs. Alcxoieff and 
Bcilstein by means of chloroform and zinc-ethyl : 


2(CHCr) + 8 , C 4 n f ’)*Zn") = 3(ZnCl') + ^CTP) -»■ 2(<’Tn 

Chloroform.* Zinc-ethyl. Chloride of zinc. I*ropy:i*iii\ M:ireli pn-. 

Oth. Compounds known as hydrates of tetrammonimns which result 
from the substitution of four atoms of an alcohol radicle for four atoms 
of hydrogen of the oxide of ammonium, separate by distillation into 
a ternary ammonia and an hydrocarbide (Cl I*) : 



Hydrate of tetrethyl- 
ammoninm. 


(n(C s IP)») + (IPO) + (cip) 

Triftliyluiniin’. IVnmr. lilltyl.-in- 


When several different radicles are substituted for the hydrogen ot* 
tlio ammonium, the one containing the least carbon is eliminated in tin- 
state of carburetted hydrogen (( ^IL*' 1 ). 

The hydrate of tetramethyl-ummoniuin, instead of giving met by 
lene by distillation, furnishes methylie alcohol and trimethylamine ; 
this is owing to the methylene being unable to exist, in an isolated 
state : 


(N(C1P)«I 0 ) = (\(<!ii»y>) + ( (, [[ :, |o) 

Hydrate of tctrunir-tliyl- Tr iiwthyluniin- MHhylh- 

immioiiiiini. alcoiiiii. 

PitOi’KUTi rcs.— 1st. The hyd roear bides of this series act as hiafomir 
radicles. They unite directly with chlorine, bromine, or iodine, giving 
compounds, which correspond to the formula) (( T), ((’" IP" lb i), 
This reaction is explained by admit ting that the hydm- 
carburetted compound, which first formed a closed chain, changes its 
constitution in presence of the halogen metalloids. These latter would 
open the chain. 


<’ JL C JL Hr 

(TZTZTZT) «/ O' t i « _i . i • o, 'i> 

* a) 'ircco ,v 

If c 1,r If *' 

Closrd chiiin. Ojm*ii rlmin. 

If, as we have seen it may be supposed, these liyclrocarbides formed 
an open non-saturated chain, their union with chlorine or its congeners 
would consist in a simple addition. 

The chlorinated, brominated, or iodized compounds, submitted to the 
action of an alcoholic solution of potash, lose one atom of hydrogen and 
ono atom of their halogen metalloid, a haloid salt of potassium, and 
water being produced : 
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M + (h}°) - (IrD + (h(°) + 

Bromide of Potash. Bromide of Water. Bromlnated 

ethylene. potassium. ethyiene. 

The chlorinated, brominated, or iodized hydrocarbide thus produced 
can in its turn fix Cl*, Br\ or 1* ; then a molecule of hydrochloric, 
hydrobromic, or hydriodic acid can be taken from this new product by 
means of an alcoholic solution of potash. The body which is formed is 
still capable of fixing Br*, Cl*, or 1* ; then of losing (HBr), (HC1) or 
(HI) ; and, by a succession of identical reactions, compounds are 
obtained which represent the original hydrocarbide, all the hydrogen 
of which is replaced by chlorine and its congeners, and the bichlorides, 
bibromides, and biniodidcs of these latter bodies. 

Taking ethylene for example, the two following groups of bromi- 
nated compounds may be derived from it : 

Etliyleno .... OTI 4 Bromide of ethylene .... C 2 H 4 Br 
Brominated ethylene . 0’H 3 Br Bromide of brominated ethylene . CrH 3 Br f Br 2 
Bihrominatod ethylene . C 2 II 2 Br 2 Bromide of bibrominated ethylene OAfFBr^.Br 2 
Tribrominate<\ ethylene C 2 ITBr 3 Bromide of tribrominated ethylene C 2 HBr 3 ,Br 2 
Pcrbrominatod ethylene C^Br 4 Bromide of perbromiuated ethylene (^BrVBr 2 

With the homologucs of ethylene, two groups of analogous derivatives 
are obtained. 

The monoehlorinated or monobrominated hydrocarbide, instead of 
fixing 01* or Br 2 , may lose the atom of chlorine or bromine it contains 
in the state of hydrochloric or hydrobromic acid, and give rise to a 
carbide of hydrogen of anothor series. This reaction is produced at 
from lftO° to 150° under the influence of alcoholic solution of potash, 
or, what is better, of ethylate of sodium : 

(c*H*Br) + (°E}0) - (*}) + (<TJ0) + (CH-) 

Brominated Ktliylate of Bromide of Alcohol. Acetylene. 

ethylene. sodium. sodium. 

Bromide of ethylene and its liomologues, when treated by acetate of 
silver or acetate of potassium, lose their bromine and give rise to bodies 
which result from the replacement of each atom of bromine by the 
halogen rosiduo of tho acetates (C^TTO*). We shall presently see 
(biatomic alcohols) how the formation of these products may be 
accounted for. 

The bromides (C’H^Br 2 ) when heated to 275° with a mixture of 
iodide of potassium, copper, and water, lose their bromine and re-form 
the carburetted hydrogen which was present in the bromide. A cer- 
tain quantity of corresponding saturated carbide (OH 8 "**) is also pro 
duced in this reaction. Thus the bromide of ethylene (CTTBr*) in 
this case gives a mixtiiro of ethylene (C 2 H 4 ) and hydride of ethyl 
(C*H 6 ). 
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2nd. Tho carburelted hydrogens (CIF") are capable of uniting with 
concentrated sulphuric acid after longer or shorter agitation together : 

( S< H*}° 4 ) + ( c ’ n ‘") = 

Sulphuric acid. Ethylonp. Etliv Sulphuric mid. 

The product distilled with water re-forms sulphuric acid, along with 
a body which is either an alcohol or the isomer of an alcohol. 

3rd. With Nordbausen acid they give sulpho -conjugate acids which 
are isomers of the preceding, but which boiling water does not decom- 
pose with formation of alcohol. 

4th. Hydrochloric, hydrobromic. and hydriodic acids combine with 
these hydrocarbidcs. Whin submitted to the action of oxide of silver 
in presence of water, the compounds thus formed give rise to two 
simultaneous reactions. One portion of the body Wes its halogen 
metalloid, which is replaced by the group (HO), forming an alcohol, or 
more generally a pseudo-alcohol ; another portion loses hydrochloric, 
hydrobromic, or hydriodic acid, and reproduces the original hydro- 
carbide : 

1st. 2(C*H 4 HI) + Ag y O + IPO - 2(Agl) + 2(C 2 IPO) 

Ilydriodnte Oxide of Water. Iodide of Ordinary 

of ethylene. silver. silvi-r. alcohol. 

2nd. 2(C*H ,< HJ) + (Ag’O) = 2(AgI) + 2(('“ir ,t ) + (TH>) 

Hydrlodate of Oxide of Jndhta of Hexylene. Wider 

hexylene. Bilver. ►liver. 

5th. Hypocblorous acid combines directly with thcHC liydrocarhideM, 

and gives a monochlorhydrin of glycol, which corresponds to them ; 

(c*ir«) + («}o) = 

Octylene. Hypochlorous Oclylenic cldorhydrin. 

acid. 

f)th. Chloride of sulphur (SCI 2 ) unites directly with the hydrocar- 
bides of the (CH 2 *) series, giving rise to compounds which are both 
chlorinated and sulphuretted. 

(C 5 H ,W ) + (CPS) = (C a H ,0 CPS; 

Amylcne. Chloride New hotly, 

of sulphur. 

Nomenclature. — Those hydrocarbides of this series which are known 
are arranged in the following table : 


Ethylene C*Jf 4 

PropA’Iene C‘JP 

Butylene C«IP 

Amylene 

Hexylene C*IV' 

‘ • 2 c *J 
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Heptylono (711“ 

Octylcno CH“ 

Nonylone O' H M 

Docyletic C W H“ 

Undeoylonn C ,, IP* 

Coterie C"H“ 

; m 

(Yrotcnc (paraffin) C 27 !! 54 * 

Melon C 80 !! 60 


SrtrnY of this most important ITyprocarbides of the C "IT 4 " Series. 


Ethylene or Olefiant Gas (C 2 II 4 ).— This gas is produced at tlio same 
time as marsh gas and other bodies, when organic substances are sub- 
mitted to dry distillation. Tt is also produced by transmitting hy- 
drosulpliuric acid and sulphide of carbon over red-hot copper. 

This body has been obtained synthetically by causing nascent 
hydrogen, disengaged by the reciprocal action of zinc and ammonia at 
40°, to act on cuprous acotylido. 


C 2 irCu 2 ")') n 

Oxide of cuprous 
uwMyl. 



Hydrogen. 


2(C‘TC) + 4Cn + (iFO) 

Ethylene. Copper. Water. 


Ethylene may be prepared by tho direct combination of carbon and 
hydrogen under the influence of a strong current of electricity ; this is 
a direct synthesis. 

Tho quickest and easiest way of preparing pure ethylene consists in 
gently heating alcohol with five or six times its weight of sulphuric 
acid or with chloride of zinc. The gas should be passed through lime- 
water to remove the acid vapours it might take with it, and through 
concentrated sulphuric acid to fix tho vapours of alcohol and ether. 
As tho mass swells out greatly, the operation must be conducted in 
a largo flask, at the bottom of which it is advisable to place sand 
previously washed with sulphuric acid. 

The final reaction is a dehydratatiun of tho alcohol. 

CTH - («*) + (g}°) 

Alcohol. Ethylene. Water. 

It is, however, probable that a compound at first forms which 
contains the elements of alcohol and sulphuric acid, and which is de- 
composed by heat producing the olefiant gas. When chloride of zinc 
is used, the salt appears to act. simply as a dehydrant. 

* T«. 
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A mixture of four parts of powdered boracic anhydride and one 
part of alcohol may bo substituted for the preceding mixtures in the 
preparation of ethylene, but this process is loss convenient than tho 
former. 

Olefiant gas is colourless and tasteless, and has an ethereal odour. 
Its density is 0*9784. It liquefies under the simultaneous action of 
strong pressure and a cold of —110° produced by a mixture of ether 
and solid carbonic anhydride ; it has not been solidified. When liquid, 
ethyleno is transparent, and does not boil at —110°. Olefiant gas 
cannot be respired ; it is insoluble in water and very slightly soluble 
in alcohol and ether. 

Nordhausen sulphuric acid absorbs ethylene after some time. Or- 
dinary concentrated sulphuric acid also absorbs it when the reaction is 
assisted by constant agitation. In this latter case, ethyl-sulphuric 
acid is formed, which when distilled with water forms alcohol. 

+ (“'EM - (“;’[• }«■) 

Sulphuric acid. Kthy l-.su lphurir. acid. 

2nd - (t} 0 ’) + (”!°) ■ ( S » : !°‘) + Cn» 

Ethyl-sulphuric Water. Sulphuric acid. Alcohol, 

acid. 

This gas is inflammable and bums with a very bright flame. When 
mixed wilh oxygen or air it oxplodes either by the electric spark 
or the application of a light. 

Chloride of sulphur (SCI 2 ) combines with olefiant gas and gives a 
compound which answers to the formula (C 2 H 4 S01 a ). 

Olefiant gas also combines with hydracids, forming simple others of 
ordinary alcohol. 

H + Cl!) ■ (°Tf) 

Ethylene. Hydriodlc Iodide of ethyl, 

acid. 

When treated by hypoclilorous acid it gives monochlorhydrin of 
glycol. 

(era 4 ') + (h}°) = (c*h 4 "J°2) 

Ethylene. Hypoclilorous Chlorhydrln of 

acid. glycol. 

With chlorine, bromine, and iodine it gives the compounds (C*JI 4 ( , 1*), 
(C'HW), (CH 4 !*). Chloride of ethyleno has been called Dutch liquid. 
We refer to what we have said of their general properties for tho 
manner in which these different compounds act with the alkalies. 

Amylene (C 4 H 10 ). — The bost method of preparing amylene consists 
iu leaving a mixture of amylic alcohol and pounded chloride of zinc in 


ist. (era) 

Ethyleno. 
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a stoppered flask for several days. The salt partly dissolves, and 
when the mixture has the consistence of syrup it is distilled. The 
product should be submitted to fractional distillation, because it not 
only contains amylene and hydride of amyl, but also a great number of 
homologues higher than these bodies. Moreover, the amylene and the 
hydride of amyl cannot be completely separated by fractional distillation, 
these two bodies having boiling points which are too near each other. 

In the process just described, the chloride of zinc may be replaced 
by sulphuric acid diluted with its own volume of water, but the 
results obtained are not so good. 

In these two cases the Anal reaction consists in a dehydratation of 
amylic alcohol. 

( C " H n(°) - (5}°) + H 

Amylic alcohol. Water. Amylene. 

Amylene is also obtained by the reaction of the chloride of amyl with 
fused potash. 

(C a H n Cl) + (KHO) = (KC1) 4 - (H*0) + (C 5 H 10 ) 

Chloride of amyl. Potash. Chloride of Water. Amylene. 

potassium. 

M. Wurtz has succeeded in preparing amylene synthetically by 
heating a mixture of iodide of ethyl and iodide of allyl with sodium. 

(C 2 H 5 I) + (CTPJ) + 2 Na = 2 (Nal) + (C*H 10 ) 

Iodide of iodide of Sodium. Iodide of Amylene. 

ethyl. allyl. sodium. 

But, as we stated in the general description of the hydrocarbides of 
this series, artificial amylene has a constitution indicated by the 
formula 

H a II 1 H H* ff 1 

C-C-C-C-C, 

and is simply isomeric with the amylene obtained by moans of amylic 
alcohol, the constitutional foramla of which is 

H* Il a II s8 h* h* 

( - C - C - 0 - C. 

Amylene is a colourless, very mobile liquid, and has a very charac- 
teristic disagreeable smell ; it boils at 35° according to Frankland, or 
at 39° according to Balard. Its flame iB very luminous and sooty ; ’ its 
vapour density lias been found to bo 2-68 by Balard, to be 2-386 by 
Frankland, and 2*43 by K«$kul<5 ; its theoretical density being 2-4265. 

Perchlorido of antimony and sulphuric anhydride completely absorb 
the vapours of amyleno. 

Concentrated sulphuric aoid dissolves amylene on agitation, but the 
hydrooarbide soon separates again in the form of a layer of oil, but its 
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molecule is then doubled ; it is no longer amylene, it is diamylene 
(C 10 H*°). 

Hydracids heated with amylene combine with it directly. The 
compounds formed are not simple ethers of amylic alcohol but isomers 
of this body. When treated with moist oxide of silver, they furnish 
not amylic alcohol, but an isomer of this alcohol, the pseudo-tuny] ic 
alcohol (see Pseudo-alcohols), mixed with the reconstituted amylene. 

Hypochlorous acid combines with amylene and transforms it into 
amylenic chlorhydrin. 

(c 5 H w j + (g[o) = 

Amyleue. Hyi>ochlorous AniyU'tiic clilorliydrin. 

acid. 

Chloride of sulphur (SCI 1 ) also combines with amylene, forming a 
sulphuretted and chlorinated compound. 

+ (cJjs) = (C‘irSUl*) 

Amylene. Chloride of New body, 

sulphur. 

On treating amylene by halogen metalloids, and the products thus 
obtained, by alkalies ; then by treating the bodies resulting from tho 
action of the alkalies, as amylene was troated, a series of compounds 
will be formed, derived, some from amylene, and others from the 
chloride, bromide, or iodide of amylcno by the substitution of tho 
halogen metalloid for hydrogen. 

Thus we know : 

The bromide of amylene (C 5 H 10 Br*) and hroininatcd ainyleno 
(CTPBr) ; the bromide of brominated amylene (C s ll 9 BrBr y ) and bibro- 
minated amylene (C 6 H R Br*). 

When potash in alcoholic solution is heated in a sealed tube with 
brominated amylene, this loseB (TIBr) and is transformed into valorylene 
(Reboul). 

H + (5}°) - (!L}) + (S}°) + ( ini ‘) 

Brominated Potash. Bromide Water. Valery lime, 

amylene. of potassium. 

Treated by acetate of silver, the bromide of amylene exchanges Br* 
for (C 2 H a O*)* and thus gives an acetate which, when saponified by 
alkalies, gives amyl-glycol. (See Glycols.) 

Hydrocarbides ans wer ing to the Formula C ,, Ii 5l,, “ 2 . — Besides isomers 
of the 6ame degree of saturation, theory indicates three isomers for 
each term, but up to the present time only one is known. The hydro- 
carbides which, while presenting the composition indicated, would be 
saturated or would act as only biatomic radicles, have not as yet been 
obtained. Those which act as tetratomic radicles are the only ones 
known. 
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Preparation.— There is only one general process by which these 
bodies are prepared ; it consists in heating the monobrominated deri- 
vatives of hydrocarbides answering to the formula C H H*" with the 
ethylate of sodium at a temperature of 130° to 150°. 

(c-n-'Br) + 0»}o) . (°h‘}o) + ($?}) + (o-H--) 

Ethylate* of Alcohol. Bromide 

tsudium. of sodium. 

When those liydrocurbides are liquid they are separated from the excess 
of alcohol by washing them with water in which they are insoluble 
and Ihe purification is completed by distillation. 

When gaseous they are transmitted into an ammoniacal solution of 
protochloride of copper ; a precipitate then forms which contains copper, 
and is very explosive. This precipitate, carefully washed and treated 
with hydrochloric acid, furnishes the gas in a pure state. 

Those of these hydrocarbides which are liquid do not give rise to any. 
reaction in presence of ammoniacal protochloride of copper. 

Properties. — 1st. When shaken with concentrated sulphuric acid 
these bodies aro absorbed. On distilling the liquid with water, a pro- 
duct is obtained which represents the original hydrocarbide with a 
molecule of water added. This product is an alcohol or an isomer of 
an alcohol. This action of sulphuric acid has only been well studied 
with acetylene. 

2nd. Treated by hydrobromic and hydriodic acids, and probably also 
by hydrochloric acid, these hydrocarbides absorb one or two molecules 
of these bodies. The bihydrobromates and bihydriodates produced 
have the same composition as the bibromides derived from the hydro- 
carbides corresponding to the series C’‘H 2u , as the following equation 
shows : 

(C"H*- 2 ,23IBr) = (C"IP‘13r 2 ). 

But these two classes of bodies are isomeric, not identical. 

Bromides of the hydrocarbides CMI 2 " being capable of transformation 
into biatomic alcohols, it is probable that the bihydrobromates of which 
we speak can furnish isomers of these alcohols. This is almost certain, 
considering that M. Wurtz has obtained a similar result with the 
hydrocarbide (CTI 10 ), diallyl, which, if it is not identical with, at least 
voiy nearly approaches by its properties to those of which we are here 
speaking. 

3rd. Those hydrocarbides combino either with one or two molecules 
of bromine, giving the compounds (C'H^Br 1 ) and (C"H 2 " ~ 2 Br 4 ), the 
second of which is often crystallized. While studying bromides of this 
order prepared by means of valerylene (C*H 8 ), M. Reboul observed 
that under the 'influence of potash in alcoholic solution the derivative 
(C fi H"Br a ) loses first a molecule of hydrobromic acid, giving the bromides 
(C 6 H 7 Br); then a second molecule of this acid, and is transformed into 
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a new hydrocarbide, to which he gives the name of valylene, and which 
answers to the formula (CPU 6 ). 

4th. Those hydrocarbides of this series which are gaseous, give an 
explosive procipitate in presence either of nitrate of silver or of am- 
moniacal chloride of copper. These precipitates vary in their consti- 
tution according to the gas from which they arise. 


With acetylene, they answer to the formula (gSi?}«) - 

((C 2 HCu 2 '')'} makes them oxides of the organo-motallic 

radicles derived from vinyl (C*IF) by the substitution of biatomic Ag 1 
or Cu* for II 2 . M. Bortlielot has given the names of argent-acetyl and 
cupros-acetyl to these radicles. 

With allylene, the cupric precipitate appears to have a similar 
formula. But the argentic precipitate answers to the formula (CMFAg), 
which makes it a simple argentic derivative of allylcno. 


«f°)- 

Oxide of argent-acetyl. 


i (5|)-(!l|°)+<rf!) + K CTI ’) 


Hydrochloric 

acid. 


Chloride or 
hilver. 


Acetylene. 


2nd. (CTPAg) + (HC1) = (AgCl) + (U»Il«) 

Argentic Hydrochloric Chloride Allylene. 

allylene. acid. of silver. 


The oxides of argent-acetyl and cupros-acetyl are true basic oxides, 
whence a whole sories of saline compounds is derived. 

Nomenclature. — At present only four of these hydrocarbides are 
certainly known ; these are : 


Acetylene 0*11* (Berthelot). 

Allylene 0*1 1 4 (Sawitsoh). 

Crotonylene (Ml 6 (Gavcntou). 

Valeryleno 0 11 H (Keboul). 

A hydroearbido (C°Ii 10 ) recently obtained by M. Cavcntou must be 
added to these. This hydrocarbide is not, as might bo thought, identi- 

cal, but simply isomeric with diallyl ( p. J-J. The differences which 

exist between these bodies chiefly affect their physical properties. Their 
chemical properties are the same : thus diallyl unites directly with one 
or two molecules of bromine or hydriodic acid, like acetylene and its 
homologues.* 

* The following facts, recon tly discovered by M. Berthelot, must bo added to wlmt 
has been said of the hydrocarbidea G*!! 2 " and OH 2 " -2 . 

1st When an aqueous solution of permanganate of potassium is gradually added to 
acetylene (CPH 2 ) at the ordinary temperature, care being taken to shako it all the time, 
binoxide of manganese is deposited ; the liquid, separated by filtering from this pre- 
cipitate, contains a largo quantity of oxalate of potassium, from which the oxalic 
acid can be extracted. This acid results from a direct oxidation. 

(C 2 H 2 ) + 40 = (CW) 

Acetylene. Oxygen. Oxalic acid. ^ 
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Hydrooarbidefl Corresponding to the Formula C"H** — Inde- 

pendently of isomers of the samo degree of saturation, four isomers 
ought to be found corresponding to each term of this series ; one of 
these being saturated, a second biatomic, a third tetratomic, and a 
fourth hexatomic. In reality, we know the essence of turpentine and 
its isomers, which form tetratomic radicles, and among which perhaps 
biatomic radicles may also be found. Moreover, valylene (OTI 6 ), 
recently discovered by M. Reboul, and which we mentioned when 
speaking of the hydrocarbides of the preceding series, is hexatomic. 

In this series, the essence of turpentine and its isomers alone being 
well known, we will only speak of them. 

Essence of Turpentine. — A hydrocarbide, the formula of which is 
(C 10 H 1B ), is extracted from the Pinu8 maritima , and from the Pirns 
australis of the southern states of America. The hydrocarbides from 

At the some time formic acid and carbonic anhydride are formed, and these may 
be regarded as produced by the transformation of oxalic acid in the nascent state : 

(C 2 1I 3 0 4 ) = (CH20 2 ) + (CO 3 ) 

Oxalic acid. Formic add. Carbonic 

anhydride. 

Allylenc (C a H 4 ), a liomologue of acetylene, also possesses the property of giving 
rise hi a corresponding acid, malonic acid, by simply fixing oxygen, under the influence 
of permanganate of potassium, in the cold : 

(OTT 4 ) + 40 = (C 3 H 4 0 4 ) 

Allylenc. Oxygen. Malonic acid. 

This fixing of oxygen causes at the same time the formation of acetic acid and car- 
bonic anhydride, that is to say, products of the decomposition of malonic acid : 

(CWO 4 ) =r (C 2 H 4 0 2 ) + (CO 2 ) 

Malonic ucid. Acetic ucid. Carbonic 

anhydride. 

These latter reactions are, however, less clear than the preceding ones. In fact, it 
iB always observed that oxalic acid and its products of decomposition, formic acid and 
carbonic anhydride, are also formed. It is probable that the oxalic acid results from 
the oxidution of acetic acid in the nascent state : 

(CWO 2 ) + 30 = (H 2 0) + (C 2 I1 2 0 4 ) 

Acetic acid. Oxygen. Water. Oxalic acid. 

2nd. The oxidation of ethylene (CPH 4 ), under the influence of permanganate of 
potassium, is almost as easy us that of acetylene. M. Berthelot has seen that, inde- 
pendently of the ibrmic acid uud carbonic anhydride discovered by M. Truchot in the 
products of this oxidation, there is produced oxalic acid, the formation of which 
represents the fundamental reaction : 

(C 2 11 4 ) + 50 = (H 2 0) + (CWO 4 ) 

Ethylene. Oxygen. Water. Oxalic acid. 

Propylene also gives an analogous reaction to that of ullyleue : 

(CPII 6 ) + 50 = (HPO) + (C 3 H 4 0 4 ) 

Propylene. Oxygen. Water. Malonic acid. 

Malonic acid iB accompanied by secondary products, such as oxalic, formic, and 
acetic acids, and carbonic anhydride. 

Amylene also appears to undergo the same oxidation under the influence of the 
permanganate of potassium, and is transformed into water and pyrotortaric add. 
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these two sources are not identical ; the former, known as French turpen- 
tine, is levogyrate, while that from America, called English turpentine, 
is dextrogyrate. These essences only differ in this particular property. 

A great number of vegetables contain essences that are isomers or 
polymers of essence of turpentine: those which lmvo the formula 
C 10 H 16 are so easily confounded with essence of turpentine by their 
chemical properties, and those answering to a multiple formula have so 
many relations with the polymers that are obtained by modifying this 
latter, that the study of this body is the study of all these hydro- 
carbides, which scarcely differ except by their physical characters. 

Properties. — 1st. Essence of turpentine, whon exposed to the air, 
absorbs oxygen which acquires the properties of ozone; then this 
oxygon enters into combination with the essence, and resinous products 
are foimed. The action of strong oxidizing agents transforms this 
hydrocarbide into certain acids which aro only Blightly known. 

2nd. When essence of turpentine is submitted to the action of a 
temperature of from 200° to 250°, it undergoes a transformation. After- 
wards, on distillation, two bodies may be separated from it ; ono boils 
at 17C° to 178°, and is levogyrate ; it is called isotcrebentheno or austra- 
pyrolene : the >other is volatile above 360°, and is also levogyrate ; 
it is known as metaterebenthone or dipyrolene. The formula of the 
first of these hydrocarbides is (C 10 H lrt ), like the essence from which 
it is derived ; that of the second is (C 20 !! 32 ). 

3rd. Treated by fluoride of boron or by concentrated sulphuric acid, 
essence of turpentine is transformed into two inactive hydrocarbides ; 
one, volatile at 160° like the essence whence it is derived has its for- 
mula (C 10 H 10 ), and has received the name of terebene ; the other, vola- 
tile at a very high temperature, answers to the formula ((fll 32 ), and is 
known as colophone or ditercbeno. 

4th. On causing stearate of sodium to act at 200° on a solid com- 
pound of hydrochloric acid and essence of turpentine, which we shall 
presently study under the name of monohydrochlorate of turpentine, 
the carbide which has for formula (O 10 H 10 ) is re-formed. This body has 
received the name of camphene ; it is crystallized, and is levogyrate or 
dextrogyrate according as it is derived from French or English turpen- 
tine. On substituting acetate for stearate of sodium in its preparation, 
the same hydrocarbide is obtained, but it is then inactive. 

Camphene, when submitted to the catalytic action of platinum black, 
appears to oxidize ; in this case it is probable that laurel camphor may 
bJnbrmed : 

2 (O l0 H 18 ) + Jjj = 2(c ,0 H 16 Oj 

Camphene. Oxygen. Laurel camphor. 

5th. Hydrochloric acid is capable of combining with the essence of 
turpentine in several proportions. When a gaseous current of hydro- 
chloric acid is made to act on it, a product is obtained which has for 
formula (C 10 H 16 HC1) : it is the monochlorhydratc of turpentine : if, on 
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the contrary, a concentrated aqueous solution of hydrochloric acid be 
made to act on the essence, and the action be continued for several 
weeks, crystals are deposited which have for formula (C 10 H lfl ,2HCl), 
and which are called dichlorhydrate of terpilene. This dichlorhydrate 
may be obtained by means of the gaseous acid, by substituting the 
essence of lemon for its isomer the essence of turpentine; for this 
reason it is called dichlorhydrate of citrene. 

On causing hydrochloric acid to act on terebene, a body is obtained 
which answers to the formula [(C lo n ,fi )MIClJ = (C*°Il a9 ,HCl) ; it is the 
subchlorliydrato of essence of turpentine or hydrochlorate of ditere- 
bene. 

When a current of hydrochloric acid is directed through a solution 
of essence of turpentine in acetic acid, a hydrochlorate is obtained 
which is called intermediate hydrochlorate or hydrochlorate of dipy- 
rolcno: this body has the formula (C^H^flHCl). 

Gtli. Uydrobromic and hydriodic acids give rise to the same deriva- 
tives as hydrochloric acid, but the biniodhydrate is obtained by a 
different process (see 11th). 

7th. When preparing mono- and dichlorhydrates, mono- and dibrom- 
hydrates, and the mon-iodhydrate of essence of turpentine, two isomers 
of each of these bodies aro always obtained, one liquid, and the other 
solid and crystallized. The crystallized monochlorhydrate has been 
improperly called artificial camphor, and the crystallized dichlorhy- 
drate, camphor of lemon. 

8th. When a mixture of alcohol, nitric acid, and essence of turpen- 
tine is left for several months exposed to the air, a crystallized hydrate 
is deposited which has the formula (0 10 H la ,2II 2 (),-|- aq.), and which is 
called terpine. Under the influence of heat, terpine loses its water 
of crystallization. The mother-liquors, from which terpine is depo- 
sited, contain a liquid isomer of this body. 

9th. When the preceding mixture is left for several months in a 
hermetically-sealed vessel, care being taken tfiat it is frequently 
shaken during this time, a liquid mono^lJU^Kydrate, answering to the 
formula (C 10 ll lfl , IPO), is produced. 

10th. Terpine, under the influence of a small proportion of sul- 
phuric acid, is transformed into another hydrate which has received 
the name of terpinol, the formula of which is (C^n* IPO). This com- 
pound is however obtained more readily by causing an alcoholic 
solution of potash to react on the dichlorhydrate of citrene, or acetate 
of silver on the dibromhydrate : the reaction in this latter case appears 
to be expressed by the following equation : 

2(C ,0 H ,8 Br f ) + 4 (C*H 8 Ag0 2 ) = 4(AgBr) + 2(CTEP0 2 ) 

Dibromhydrate of Acetuto of bilver. Bromide of Acetic add. 

dtrene. silver. 

+ (c 2 H®0 } “l" ^Oppenheim.^ 

Acetic anhydride. Terpinol. 
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11th. Terpine, when submitted to the action of the chloride, bro- 
mide, or iodide of phosphorus, gives rise to the dichlorhydrato 
dibromhydrate, or biniodhydrate of citrene. The latter body has only 
been obtained in this manner. 

12th. Terpine, when heated with acctio anhydrido, can, when the 
temperature is carefully regulated, givo rise to a double decomposition, 
in consequence of which one of its atoms of hydrogen is replaced by 
the radicle acetyl (0 4 H 3 O). The body thus produced is allied to those 
which we shall study presently under the name of compound ethers in 
the chapter devoted to alcohols ; it shows the alcoholic nature of ter- 
pine. Its formula is (O 10 II 1! ’(C 2 H 3 O)O 2 ), and is formed according to the 
equation : 

(CHTO*) + (i?n»0 j °) = } O) + ((.nT'XC^IFO/) 2 ) 

Terpine. Acetic uuhydridc. Acetic nciii. M Diuretic terpine. 

Epitome of the Theory of the Derivatives of the Essence of Tur- 
pentine. — The hydrocarbido (C 10 II ir ’) is tetratomic, and can therefore 
unite with four monatomic atoms, that is to say, with two mole- 
cules of hydrochloric, hydrobromic, or hydriodic acids ; thence the 
diclilorhydrate, the dibromhydrate, and the biniodhydrate : but it. can 
also unite with only a single molecule of those acids, that is to say, 
with two monatomic atoms ; thence tlio monochlorhydrate, monobrom- 
hydrate, and mon-iodhydrato. 

On being doubled, the tetratomic radicle (O 10 rP), like all polyatomic 
radicles, loses one part of its capacity for saturation, and the hy- 
drocarbide (C*°Il 3f ), which is hexatomic, is formed. This hydrocarbide 
is tho radicle of tbo intermediate hydroehlorate and liydrobromato 
(C“H M ,3nCl) 

As an hexatomic hydrocarbide (C s 0 1I 3j! ) ought to bo able to produce 
non- saturated compounds with four or two monatomic atoms. The com- 
pounds with four monatomic radicles are still unknown. Those which 
contain only two of these radicles are known ; they are the subchlor- 
liydrate, the snbbromhydrate, and tho subiodhydratc (CJ* ( TI 3 *,1IC1) .... 

If in the different hydrochlorates each atom of chlorine be replaced 
by the residue HO, we shall have the for mu he of the different hydrates 
we have mentioned ; the formula of an unknown hydrate, which would 
correspond to the intermediate hydrochlorate, will also be obtained. 

J^n the following table we give tbo different derivatives of essence of 
turpentine, according to the preceding theory. The bodies which 
exist in solid and liquid modifications have been indicated by tho 
Greek letters a and /3, which are placed after their formula?. 
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H7DB00ARBIDES (C 10 !! 18 )”, aft HTDBOCABBIDES ((TH 8 *)" 


Non -saturated 
Compounds. 

Saturated 

Compounds. 

A 

Non-saturated 

Compounds. 

Saturated 

Compounds. 

(C’TFCl), a/3 

(C’°H”C1 9 ), a/3* 

( C s°n“ci) 

(C^H^Cl) 

Monochlorhydrate. 

Dichlorhydrate. 

Subchlorhydrate. 

Intermediate chlorhydrato. 

(C ,0 H"Br), a/3 

(C! ,o n 1 *Br 3 ), a/3 

(O l0 H 88 Br) 

(C a TI 88 Br 8 ) 

Monobromhydrute. 

Dlhromhydrate. 

Subbrom hydrate. 

Intermediate bromhydrate. 

(C1»H 17 I), a/3 

(C , *H 18 I*) 

(C”H S, I) 

’ ((rH^o 3 ) 

Monfodhydrate. 

Di-iodhydrate. 

Subiodhydrate. 

Intermediate hydrate 
(unknown). 

(C'°H 18 0) 

(CW), a/3 

(0“H 8, 0) 


Monohydrate. 

Dihydrate (terpine). 

((y°H w (c*n*o)o*) 

Monacrtic terpine. 

Terplnol. 



Essences Isomeric with Essence of Turpentine. — The essences of 
athamanta, bergainottc, borneo, camphor, birch, camomile, caoutchouc, 
caraway, lemon, coriander, elemi, gaulthcria, juniper, cloves, gamboge, 
hops, laurel, orange, parsley, pepper, savine, Tolu, thyme, valerian, 
and others, like essence of turpentine, have the formula (C 10 H 18 ).* 

The essences of cubebs and copaiba appear to have their formula a 
multiplo of this, probably (0 ,( ?JI M ). 

Hydrocarbides which have the Formula C M H 2 “ -G . — In this series, 
and without speaking of isomers of the same atomicity, theory leads 
us to anticipate for each term the existence of five isomeric hydro- 
carbides differing in their atomicity, which may vary from 0 to 8. The 
homologous series comprising all the bodies which are classed among 
these hydrocarbides has received the name of the aromatic series, 
because it comprises bodies which have an agreeable odour, like 
essence of bitter almonds, benzoic acid, essence of cumin, etc. 

Preparation. — The hydrocarbides of this series are prepared by 
causing lime to act at red heat on monatomic acids, from which they 
differ by (CO*), or on biatomic acids from which they differ by (C*0 4 ). 

(OTFO*) + (CaO) = (CaCO 8 ) + (OTP) 

Benzole. acid. Lime. Carbonate Benzine. 

or calcium. 

* We have seen that essence of turpentine may be transformed into several 
isomers, one of which, camphcne (C 10 I1 18 ) is crystallized, and is capable of giving, 
with hydrochloric acid, the monochlorhydrate (C 10 H W ,HC1), and never the dichlorate 
(C ,0 H 6 ,2HC1). This camphene is obtained by means of the monochlorhydrate decom- 
posed by soap. MM. Lauth and Oppenheim have shown that aniline also decomposes 
the monochlorhydrate, producing camphene. The same chemists have likewise dis- 
covered that aniline also decomposes the dichlorhydrate. There is then produced a 
liquid isomeric with essence of turpentine, terpilene (C 10 H 19 ), which, under the in- 
fluence of hydrochloric acid, always gives the dichlorhydrate, and never the mono- 
chlorhydrate. M. Berthelot had obtained terpilene by the action of sodium on the 
dichlorhydrate of turpentine. But the method discovered by MM. Lauth and 
Oppenheim is more convenient, and gives better results. 
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(OTTO') + 2 (CaO) = 2 (CaCO*) + (CH«) 

Phtalic add. Lime. Carbonate of Benzine. 

calcium. 

This mode of preparation in the same as one we gave for the prepa- 
ration of marsh gas and its homologues. 

2nd. These hydrocarbides can be prepared by submitting the corre- 
sponding alcohols to the action of an alcoholic solution of potash. 
This process has only been tried for toluene and cymene. 

afeopo) + (h}°) = (ciPKO*) + 2(c*H") + 2^1I*0) 

Brnzylic Potash. Benzoate* of Toluene. Water. 

alcohol. potassium. 

3rd. A hydrocarbido of this series has been obtained by the dehy- 
dration of camphor by means of chloride of zinc or phosphoric anhy- 
dride : 

(C’TPO) = (H 2 0) + (C ,0 IT 14 ) 

Laurel camphor. Wuter. Cymene (cyniol). 

The same hydrocarbide, or at least an isomer, is found in a natural 
product, the essence of cumin. 

4th. These different hydrocarbides exist in tho oils which arise from 
the distillation of pit-coal, as well as in that, which is separated from 
wood-spirit on treating the crude product with water. 

5th. According to M. Kiche, benzine is obtained by submitting 
chloride of phenyl to the action of sodium : 

2 (c°H’Cl) + Naf - 2 ( Cl }) + ( CTr ) + O™*) 

Chloride of Sodium. Chloride of Benzine. J’henylme. 

phenyl. sodium. 

It is probable that the homologues of chlorido of phenyl, if treated 
by sodium, would furnish the homologues of benzine by an analogous 
reaction. 

6th. Messrs. Fittig and Tollens have recently obtained the homo- 
logues of benzine, etc., by heating a mixture of brominated benzine and 
bromide of methyl, ethyl, or amyl, with sodium. 

(c*H*Br) + (cH*Br) + £>} = 2 (£[) + ((TO") 

Brominated Bromide of Sodium. Bromide of Toluene, 

benzine. methyl. sodium. 

Properties. — Only benzine and toluene have been carefully studied. 
These hydrocarbides have different properties, and require to bo 
examined separately. 

1st Benzine boils at 82°, and is solidified at —5°. Jtisahexa- 
tomio radicle, capable of uniting directly with 2, 4, or 6 atoms of 
chlorine or bromine. The products of this combination in presence of 
alcoholic solution of potash lose half their chlorine or bromine in the 
Btat-e of hydrochloric or hydrobromic acid. 
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Benzine does not combine with hydrochloric or hydriodic acids ; the 
experiment has not been tried with hydrobromic acid, but the result 
would doubtless be the same. 

Submitted to the action of nitric acid, benzine exchanges one atom 
of hydrogen for one atom of hyponitride. The product formed has 
received the name of nitro-benzine : 

(C*H a ) + (NHO 3 ) = (H*0) + (C*IP(N0 2 )) 

Benzine. Nitric acid. Water. Nitrobenzinc. 

2nd. Toluene boils at 1 11°, and has not as yet been solidified. It 
never combines directly either with chlorine or bromine ; in presence 
of these metalloids it only gives rise to phenomena of substitution. 
Neither does it combine with h 3 ’dracids. 

3rd. Monochlorinated toluene (CTFOl) is identical with the chlo- 
ride of benzyl (see Alcohol). M. Cannizzaro has shown that, under 
the influence of acetate of silver, this body exchanges Cl for (C 2 H 3 O a ), 
and furnishes a product which gives benzilic alcohol when saponified 
by potash. 

Nevertheless, M. Beilstein has recently shown that there exists a 
second monochlorinated toluene (C 7 H 7 C1), differing from the chloride of 
benzyl, and in which the chlorine is replaced with difficulty. Kekule 
explains this fact by considering toluene as methyl-benzine, and by 
admitting that in the chloride of benzyl tho substitution affects the 
methyl group, while in monochlorinated toluene it affects the phenyl 
group. The formula} of these bodies then are : 

(CTEF.CirCl) (C fi H 4 Cl.CH 3 ) 

Chloride of benzyl. Monochlorinated toluene. 

4th. Bichlorinatcd toluene, heated with mercuric oxide, gives benzoic 
aldehytl : 

((7H‘Cl a ) + (Hgo) = (CTTO) + (Hg"{§) 

Bichlorinatcd Oxide of Benzoic Mercuric 

toluene. mercury. Aldehyd. chloride. 

It is nevertheless not identical, as my experiments have shown, with 
a chloride of the same composition which is obtained by causing ben- 
zoic aldoliyd to act on the perchlorido of phosphorus. 

It is conceived that three bichlorinatcd toluenes may exist, the 
formulas of which would be 

(CTFCHOF), (CTPCPOH 9 ), and (C1PC1CIPC1). 

The first of these formulae is that of chlorobenzol and the last that of 
biclilorinated toluene which is known. 

5th. When trichlorinated toluene is submitted to tho action of 
alkalies in alcoholic solution, it exchanges 201 for 0, and Cl for (OH), 
and gives chloride of potassium, benzoic acid, and water (Naquet.) : 
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(o'H’Cl*) + »(§ | 0) - »(5 }) + O) + (g } o) 

Trichlorinated Potash. Chloride of Benzoic acid. Water, 

toluene. iwtassium. 

The number of possible trichlorinated toluenes is four : 

(C # H 5 CC1 8 ), (CWCICHCI 2 ), (C*H 8 C1 2 CH 2 C1), and (C 8 IPC1 8 CH 8 ) 

6th. Submitted to the influence of nitric acid, toluene is converted 
into nitro-toluene : 

(CTF) + (NHO 8 ) = (C 7 TT 7 (N0 2 )) -f (IPO) 

Tnlnona !UUni> 


Toluene. Nitric acid. Nitro-tolueno. Water. 

Nomenclature. — Jn this scries the following are actually known : 

Benzine CMP 

Toluene C 7 IT* 

Xylene and an isomer of this body, ethyl-benzine C B IT 10 

Cumene CM 1 12 

Cyrnene CM I 14 

Amyl-benzine C 11 !! 1 ® 


Several hydrocarbides which appear vefy different have been in- 
cluded under the names of cumene and cymcne, but they have been 
very little studied. It is known that by causing dehydrating agents to 
act on acetone, a compound is obtained which has been recognized as 
isomeric with cumene, and which is called mesitylene. Besides these 
six hydrojfcrbides, there exists a seventh according to M. Carius ; its 
formula w3pd be (CM! 4 ), and M. Carius proposes calling it penteno. 

Constitution of the Hydrocaubides having the general Formula 
CMP*” 8 . — Recent experiments made by Messrs. Fittig and Tollens have 
shown that all the known hydrocarbides of this series are derived 
directly from benzine (CMP) by the substitution of ethyl, methyl, or 
amyl for the hydrogen of this body. Thus toluene is methylated 
benzine. It is supposed that according as several atoms of hy- 
drogen are replaced in benzine by methyl, or one single atom of 
hydrogen by alcoholic radicles containing more carbon than methyl, 
isomeric hydrocarbides may be obtained. In fact, ethyl-benzine 
(C 6 HJC 2 H 6 ), obtained by causing sodium to act on a mixture of fcro- 
minated benzine and bromide of ethyl, differs from the natural xylene 
(CM1 10 ) which Messrs. Fittig and Tollens have prepared by heating 
sodium with a mixture of bromide of methyl and monobrominated 
toluene. 

In order to understand the constitution of the aromatic liydio- 
carbides, that of benzine must therefore flrst be determined. 

M. Klkule, in a recent theory on phenols, of which we shall speak 
presently, admits that benzine represents a closed chain, composed of 
six atoms of carbon, each of which would be joined to one of its neigh- 
>bours by two affinities, and to the other by one. Thus a free affinity 

2 i) 
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would remain on each atom, tho group C a would bo hexatomic, and 
benzine (0*11°) would be saturated. Sometimes the chain might open, 
and the group C® would become octoatomic ; the open and closed chain 
would bo thus represented : 

ilOTij . ( • (~8 1 i T ) • f 

i . < ijjj) ■ c;i ozn • ( irccij 

▼ ( licxulomic (d«w«l chain). 

■ iiccr > • ozrzTzr ) . cnoro • • 

• • f iZCCu • CCCCu • CJ I i U 

(J° Octuutomic (ojM'ii chain). 

M. Kekule has observed, that on acting on aromatic compounds, 
wlioso constitution cannot be doubted, oxidizing bodies replace each 
lateral chain by the group (C0*II), giving acids tho basicity of which 
is equal to the number of lateral chains which tho original compound 
contained ; he thence deduced a method of determining tho constitu- 
tion of these bodies when it is not known. Thus cumene (C B II 12 ) is 
reduced by oxidation into benzoic acid, which is monobasic. Cumene, 
therefore, contains a single lateral chain, and its formula is (C rt H B ,C 3 H 7 ). 
Oymene (C ,0 J1 14 ) by slow oxidation gives toluic acid (C 8 H 8 0 2 ),- which 
is monobasic, and by a more active oxidation it gives terephthalic acid 
(C’lPO 1 ), which is biatomie and bibasic. Cymene, therefore, like 
toluic acid, contains two lateral chains, aud the formula of tho first of 

these bodies is (c G JP { C ,; V l 7 )’ ^ Klt *be socon ^ being ^°H 4 j^Q 2 jqj. 

The formula of terephthalic acid is ^ t y 6 ll 4 1 Q* j • 

M. Kekule founds his opinion on several important arguments, the 
first of which is that benzino has not any inferior homologues. In 
fact, if benzine has the constitution supposed, it cannot have any 
homologues, for when an atom of carbon is taken from it the group C" 
is obtained, which group would have the same atomicity as the (!® 
group, and would consequently give the hydrocarbides (C 6 IP) or 
(0 B 11 H ), according to whether the chain was open or closed, which 
hydrocarbides would not bo homologues of benzine ; moreover, M. 
Kekule remarks, that almost all the most complicated aromatic com- 
pounds may be finally reduced into benzine ; which fact, with the 
syntheses of Messrs. Fittig and Tollens, shows that benzine is the 
pivot of all these compounds. Thus if the grouping which constitutes 
benzine remains, so to speak, intact in all these compounds, it may be 
supposed that carbon is there grouped differently to what it is in tho 
molecules of methyl, ethyl, or amyl, which are added to this group to 
form more complicated bodies. 

Lastly, M. Kekule’s hypothesis explains some very important 
isomerisms, which previously could not be accounted for. 

Nevertheless there is a fact of which this theory does not take 
cognizance : benzine can fix (5 atoms of chlorine or bromine, and give 
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the compounds (C 6 H 6 C1°) and (C 6 H 6 Br n ) ; it must, therefore, be ad- 
mitted that the hexatomic group O 6 is transformed, under the influence 
of chlorine or bromine, into a dodecatomic group (C 8 H' 5 ), where the 
atoms will be grouped as in the series C"II ! **. This hypothesis is nut 
so simple as that which considers bonzino as a hexatomic radicle, con- 
taining the dodecatomic group C G half saturated. 

A second fact of which the theory of M. Kekule does not take notice, 
is the existence of pentene (C B 11 4 ), supposing that this group really 
exists, which is as yet doubtful. 

In order to smooth this difficulty, M. Wurtz has proposed to replace 
benzine by pentene as the pivot of the aromatic compounds. Benzine 
would then be methyl-pentenc (0 6 JP,< TI S ), etc. Wo might thus ac- 
count for tho fact that in aromatic compounds tho substitution of the 
group (NO 2 ) for IT never affects more than 3 atoms. This substitution 
would in reality affect the group (0*11*), which has only oil. Unfor- 
tunately the theory thus modified would not lake into account cither 
the oxidation of aromatic substances or the properties of benzine, 'which 
are so different from those of its higher homologues. 

Perhaps there may he two parallel series, one having pentene (( *1 1 4 ) 
for pivot, the other benzine (C/'IP). In this case the benzine known 
would not bo methyl-pentene, and this latter body, isomeric with it, 
would remain to be discovered. 

However it may be, M. Kckule’s theory cannot, as yet, be accepted 
as certain ; it requires further proofs ; hut as it explains facts which 
without it are inexplicable, it may be so far accepted until it is either 
perfectly demonstrated or completely controverted. 

Hydrocarbides having the Formula 8 . — In this series only 

phenylenc (C C II 4 ), cinnamene ((J 8 II M ), and an isomer of this latter 
body, metastyroi, are known ; plienylene having scarcely been studied, 
we can only speak here of cinnamene and its isomer. 

Preparation.— Cinnamene is obtained by submitting a mixture of 
one part of cinnamic acid and four parts of oxide of barium to distilla- 
tion : 

(0 a H"0 2 ) + (BaO) = (CTP) + (CBaO a ) 

Cinnamic Oxide of Cinnamene. Carbonate 

acid. barium. of barium. 

It is also prepared by distilling storax with water charged with 
carbonate of sodium. When heated to 200°, it is converted into a solid 
polymer, metastyroi. This latter, submitted to distillation, re-forms 
cinnamene. It was believed for a long time that cinnamene prepared 
by means of storax, and to which the name of styrol was given, was 
isomeric with that obtained by means of cinnamic acid. But this was 
an error. Thoso two products are identical. 

Properties. — Cinnamene is attacked by bromine and chlorine, and 
forms a bibromide and a bichloride (^IPBr 2 ) and (C 8 JI h CP). These now 
bodies treated by alcoholic solution of potash appear to lose (II Cl) or 
(HBr), and leave chlorinated or hrominated cinnamene ; cinnamon© 

* 2 d 2 
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ought therefore to be regarded as a biatomic radicle. Laurent 
states that he has obtained a hexachloride of bichlorinated cinnamene 
(C 8 H°Cl a Cl fl ). This fact requires confirmation ; if it be verified, we 
shall be obliged to admit the hexatomicity of this radicle. 

Metastyrol is solid, it reacts with great difficulty on bromine, and 
evidently has a formula a multiple of (C B IT 8 ), but this formula has not 
yet been determined. All these hydrocarbides submitted to the action 
of nitric acid give rise to nitrogenized derivatives. 

Hydrocarbides having the Formula (C*H 8m_1 °). — Only one hydro- 
carbide (C“II 42 J, which has been little studied, is as yet known in this 
series, it is prepared by dehydrating cholesterine. It is probable 
that another would bo obtained by heating brominated cinnamene with 
ethylate of sodium. 

Hydrocarbides having the Formula CH 8 " ” 12 — Only naphthalin 
and its isomers belong to this series. 

Naphthalin is a solid hydrocarbide which is accidentally produced in 
the manufacture of coal-gas; it is perfectly colourless, and has an 
odour of tar; its taste is bitter and aromatic; its density is 1 # 153 at 
18°. When sublimed or when dissolved in alcohol it is obtained crys- 
tallized in very thin rhombic plates ; but when its ethereal solution is 
left in a vessel partially covered to retard the evaporation, its crystals 
are very transparent and much more voluminous. 

Naphthalin unites directly with four atoms of chlorine or bromine : 
above this term these metalloids only give rise to products of substitu- 
tion ; the tetrachloride and tetrabromide of naphthalin are therefore 
saturated, and we have reason to suppose that if hydrogen were substi- 
tuted for the chlorine or bromine, the carbide of hydrogen (C 10 H la ) 
which would be obtained would also be saturated. 

According to M. Chancel, the dry distillation of benzoate of calcium 
produces two isomers of naphthalin. Up to the present time a quantity 
of these bodies sufficient to determine their properties has not been 
obtained, and their capacity for saturation is not known. 

Hydrocarbides having the Formula C'H 2 " - ' 16 . — Stilbene (C 14 H 12 ), 
which is prepared by distilling sulphuretted benzoic aldehyd, is placed 
in this series. 

Excepting the hydrocarbides of these series, nono are known with 
certainty. It is tine that a compound has been spoken of which would 
answer to the formula (C^H 32 ), that is to say, to the general formula 
C'H*" ~ “, but the existence of such a body is extremely doubtful. 


HYDROCARBON RADICLES. 

Each saturated hydrocarbide on losing one, two . . . n ato ms of 
hydrogen, gives rise to monatomic, biatomic, etc., radicles. We must 
study, 1st, free radicles ; 2ndly, the products to which they give rise. 
For greater convenience we will place all these products with the 
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hydrates of these radicles ; that is to say, with the alcohols. This 
study will thus bo divided into two parts: 1st, free radicles; 2nd, 
alcohols. We will, however, study separately the derivatives of those 
radicles which belong to the ammonia type, and those of their binary 
compounds which contain metals. 


FREE RADICLES. 

Radicles of uneven Atomicity. — When the iodides of these radicles 
are submitted to the action of zinc, iodine is eliminated in the state of 
iodide of zinc, and a hydrocarbido is liberated : 

2 ( C ^|) + Zn = (^j) + (mp) 

Iodide of ethyl. Zinc. Iodide of zinc. 

Hydrocarbides identical with the preceding are also obtained when 
potassic salts of monatomic acids are submitted to electrolysis ; only 
in this case the hydrocarbide obtained is not that which would he 
given by the iodide derived from the alcohol corresponding to this 
acid employed, but its second inferior homologue. Unis, while iodide 
of ethyl gives the hydrocarbide (0 4 II l "), the electrolysis of acetate of 
potassium furnishes the compound (0 2 H B ). 

(H 2 0) + 2(C 2 n s K0 2 ) = (OKKIF) + IT 2 + (CO 2 ) + 0 2 II n 

Water. Acetate of Carbonate Hydrogen. Carbonic 

potassium. of potassium. anhydride. 

Until recently these hydrocarbides were considered as freo mona- 

pj|r» ( ) i 

instead of (C 2 H 6 ), ( (ijp M, corresponding to jj >; recent experiments 

have made the constitution attributed to these compounds doubtful. 
Their molecule is simple, and they ought to be placed by the side of 
the hydrocarbides wo have studied, of which in this case they would 
only be physical isomers. 

Thus, from this point of view, and supposing that they are not quite 
identical, free methyl (0 2 H G ) would be a simple physical isomer of 
hydride of ethyl ; free ethyl (C 4 H 10 ) would be a physical isomer of 
hydride of butyl, etc. 

Monatomic hydrocarburetted radicles therefore probably do not 
exist in a free state, and are only found in the groups of compounds 
whence they are derived. 

As yet only two series of monatomic radicles arc known; these 
are: 
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First Series. 


Methyl . 
Ethyi . 
Propyl . 
Butyl . 
Amyl 
Hexyl . 
TTcptyl . 
Octyl 
Nonyl . 
Decyl . 
IJndecyl 
Bidecyl 
Tridocyl 
Tetradocyl 
Pcntadecyl 
ITexadocyl 
Ooryl ! 
Myrycyl 


0 H* 

C*II 6 

O’ H 7 

C 4 H® 

C'H 11 

C'H" 

C 7 H“ 

C s H 17 

C“ H 1 ® 

C'“I-P' 

C'H 29 

Qiajpe 

c , *n w 

c ,5 n si 

^16J|33 

0 " 11 ® 

o 30 ] r si 


Second Sktuhs. 

Phenyl 

Uenzyl 

Tolyi 

Xylcnyl 

Ownyl 


C c 11° 
C 7 H 7 
C R H 9 
C B H 11 
C 10 H 13 


Monatomic radicles of the other series have the same composition as 
the triatomic radicles we will mention. It is possible that they may 
differ from these latter by the degree of reciprocal saturation of their 
carbon. In this case the bodies in which they act as monovalent would 
bo simple non-saturated molecules. The following are known : 


Formyl CH'" 

Acetyl C 8 I P" 

Allyl or glyceryl C 8 H 5 ’" 

Valeryl CTF” 

An unnamed radicle C e H n "' 

Cinnamyl C 9 II 9 "' 


A very small number of pentatomic radicles are also known ; these 
are : the radicle (C*H 7v ) in pinite ^ j 0°J, and the radicle (C 10 H 7 ) 
which is derived from tetratomic naphthalin by the elimination of 

/C 10 n 7v i \ 

IT, and the monohydrate of which ( jj [ 0 J has been recently dis- 
covered. 
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It is possible that the radicle (C ,0 H 17 ) of Borneo camphor belongs to 
this class, but its state of saturation is imperfectly known. 

Up to the present time no bodies are known of liydrocarlm retted 
radicles having an uneven atomicity greater than five. 

Radicles of even Atomicity. — These radicles have the same compo- 
sition as the non-satu rated hydrocarbides whose existence we have 
theoretically admitted. Arc they identical with these hydrocurbidcs 
or not? In other Avoids, do they exist in a free state as radicles, that, is 
to say, as non -saturated molecules, or are they liydrocarhides which 
arc saturated when free, and only cease to bo ro on contact with 
certain reagents ? The question is difficult, to decide. 

The possibility of the existence of incomplete molecules cannot be 
doubted; the protochloride of phosphorus, ammonia, oxide of carbon, 
etc., are certainly molecules of this kind. We do not know whether 
such molecules exist in the special case of hydrogenized compounds of 
carbon. 

However it may be, supposing that radicles of even atomicity do 
not exist any more than those of uneven atomicity, in an isolated state, 
their compounds will be easily formed by means of the hydroearbulos 
which, according to this hypothesis, would be their isomers. 


ALCOHOLS. 

Alcohols arc bodies which are derived from a fundamental hydro- 
carbide by the substitution of hydroxyl for hydrogen. 



Hydride of ethyl. Alcohol. 


The hydrogen of hydroxyl being only united to the carbon by 
means of oxygen, it may be said that, the oxygen joins an atom of hy- 
drogen to the group (C*IP), and that alcohol is a hydrate, of this latter 
radicle. 

(c s h 6 ) h;}°) 

Ethyl. Hydrate of ethyl 

(alcohol). 

It is very evident that both those formulas of alcohol expressing the 
same feet, are useful, and that cither one or the other may bo chosen 
according to circumstances. 

There are alcohols which result from the substitution of a single 
atom of hydroxyl for n, these are called monatomic; others which 
result from the substitution of two, three . . . n atoms of hydroxyl 
for H, and are called bi, tri, n atomic. Alcohols arc known whoso 
atomicity rises as high as six. 



408 


PRINCIPLES OF CHEMISTRY. 


MONATOMIC ALCOHOLS. 


Monatomic alcohols contain a single atom of typioal hydrogen, which 
may be replaced, either by the radicle of the alcohol itself, in which 
case an ether, properly so called, is produced ; or by the radicle of 
another alcohol, when a mixed ether is formed ; or, again, by an acid 
radicle, in which case a compound ether is produced. 

Moreover, these alcohols can exchange the group (OH) for chlorine, 
bromine, iodine, or fluorine, and give rise to the simple ethers. 

It may therefore bo stated that, if alcohols are the hydrates of hydro- 
carbides, the ethers proper are the anhydrides of these hydrocarbides ; 
mixed ethers are the double anhydrides ; simple ethers the haloid 
salts, and compound others the oxygenated salts. 

Monatomic alcohols are divided into primary, secondary, tertiary, 
etc., alcohols, according to the manner in which their different atoms of 
carbon are united. If the atoms of carbon are united in such a manner 
that those in the centre exchange two affinities with the adjoining 
atoms of carbon, and those on the outside only one, they are primary 
alcohols. Thus ethylie, propylic, etc., alcohols — 


0 iL O 

cozd® roam:) 
ro ® ro d., i t-n ro 


II 


C H 



lithylic alcohol. 


(1 n C H 

(CETzri ® ® q — i i i ) cc _ C 8 H , i 
® ® ® a ~ j ~l P) ® ® il T'l - H u 

nr' c ^ 0 


Propylic alcohol. 


are primary alcohols. 

If in a primary alcohol II he replaced by the radicle methyl (CH*), a 
secondary alcohol is obtained ; if two atoms of H he replaeed by two 
atoms of methyl, a tertiary radicle is obtained, and so on. Thus the 
isopropylic alcohol — 


^ (i — r 

<J EHZ'P ® 

® ® ® H 

nr 


T 


C H 
D® 




r 


.t 


, chxch^j q 


is a secondary alcohol, and the trimethylated methylic alcohol — 
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C H 



is a tertiary alcohol. 

Only primaiy, secondary, and tertiary alcohols are known as yet; 
the primary alcohols are much the best known and the most 
important. 


PRIMARY MONATOMIC ALCOHOLS. 

Preparation. — Primary monatomic alcohols may he obtained either 
by means of the corresponding saturated hydrocarbides, or of carbu- 
retted hydrogens which are radicles df uneven atomicity, or of aldehyde, 
or finally of glycols. 

First Method . — In order to prepare alcohols by means of saturated 
l^drocarbides, these are treated by chlorine or bromine. A mono- 
chlorinated or monobrominated product of substitution is obtained 
which is identical with the chloride or bromide of the corresponding 
alcohol radicle. This product, submitted to the action of the 
acetate of silver or of potassium, furnishes acetic ether (the acetate of 
the alcohol radicle), and acetic ether, treated by potash, is resolved 
into acetate of potassium and alcohol : 


1st. 

(CB-) 

+ 3} ■ fa} 

) + 

Oof}) 



Hydride 
of methyl. 

Chlorine. Hydrochloric 

acid. 

Chloride of 
methyl. 


2nd. 

( c £}) + 

rsw - ' 

f CJH*| 
v C s IFO| 

t°) + 

(«}) 


Chloride of 
methyl. 

Acetate of silver. 

Acetate of 
methyl. 

Chloride 
of silver. 

3rd. 

\C*H*0| u ) 

II 

+ 

l Kj 

f°) + 

m 


Acetate of methyl. Potash. Acetate of Methyljc 

potassium. alcohol. 


Second Method . — The carburetted hydrogens which act as radicles of 
even atomicity may unite, according to their capacity for saturation, 
with one or several molecules of hydrochloric, bydrobromic, or hydri- 
odic acid. If they are combined with a single molecule of these acids, 
bodies are obtained which are afterwards transformed into alcoho s y 
the successive action of acetate of silver and of potassium, as m e 
preceding case : 
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((HP") + (gf) = (c s H“Cl) 

Ethylene. Ilydrodiloric Chloride of 

. add. ethyl. 

M. Bertholot, to whom we owe the discovery of this process, believed 
it to bo general. But M. Wurtz has since found that this is not the 
case. Ordinary alcohol alone can be prepared in this manner ; in all 
other cases isomers of the true alcohols are obtained (see Pseud o- 
alcohols). 

These hj'drocarbides may also be transformed into alcohols by com- 
bining them with concentrated sulphuric acid and then distilling the 
product with water : 



•Sulphuric acid. Ethylene. Ethyl -sulphuric 

acid. 


«■(«*}>) + (S}o) - (■£>) + (°5}°) 

Ethyl-sulphuric Water. Sulphuric acid. Alcohol, 

acid. 

This method also appears to give pseudo-alcohols, except in the cases 
of ordinary and propylic alcohols. It is less general than the pre- 
ceding one. Sulphuric acid, in fact, modifies certain h} T drocarbidos, 
and transforms them into polymers, on which it has no acl ion. 

Third Method . — Alcohols may be prepared from the aldehyde by two 
processes. 

The first consists in causing alcoholic solution of potash to act on 
the aldehyd ; a potassic salt of the acid corresponding to this aldehyd 
is formed, and the alcohol of the same series : 



Hcn/oir aldehyd. Potash. Bonzoatc of Benzilic alcohol. 

potassium. 


This method can only be applied to the alcohols derived from hydro- 
carbides of the general formula OH 2 " -6 (aromatic series) ; however, by 
modifying it a little, and replacing alcoholic potash by slaked lime, 
M. Fittig has transformed omanthylic aldehyd (C 7 H 14 0) into heptylic 
alcohol (CTT^O), and valeric aldehyd (C°H 10 O) into amylic alcohol 
(C ft H 12 0). 

The second process consists in causing nascent hydrogen, developed 
by means of sodium amalgam, to act on the aldehyds. It succeeds not 
only with aldehyds, but also with the isomers of these bodies. Thus 
ordinary alcohol is obtained by causing nascent lij’drogen to act either 
on the aldehyd or on its isomer, the oxide of ethylene : 
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(c*H«o) -f j*} = (CTTO) 

Aldehyd, or Hydrogen. Alcohol, 

oxide of ethylene. 

Fourth Method . — When ammonia is treated by nitrous acid, water and 
free nitrogen are obtained : 

(h} N ) + (^f 0 ) = 2 (n}°) + n} 

Ammonia. Nitrons acid. Water. Nitrogen. 


Now, supposing an atom of the hydrogen of the ammonia to be 
replaced by a radicle of alcohol, as takes place in the compound 
ammonias, it is evident that one of the two molecules of water which 
form in tho reaction would have one of its atoms of hydrogen replaced 
by the same radicle : 

(!>-) + ( N 2}o) - (S|o) + (T| o) + SI 

Ethylamlne. Nitrous acid. Water. Alcohol. Nitrogen. 


In this case the alcohol obtained is transformed into nitrous ether on 
contact with the excess of nitrous acid, and the operation must he 
completed by decomposing tho ether thus formed by potash. 

Fifth Method . — Monatomic alcohols are also obtained from the 
glycols. On submitting the monochlorhydrins of these bodies to tho 
action of nascent hydrogen, tho chlorine is replaced by hydrogen, and 
the alcohol sought for is formed : 



+ 


OH/ 


Monochlorhydrin 
of glycol. 


n l 

Hf 


Hydrogen. 



Alcohol. Hydrochloric 

acid. 


Properties. — 1st. Action of Oxidants . — Under the influence of oxi- 
dizing agents, all the alcohols are capable of losing two atoms of 11 
which are not replaced. The bodies thus produced are called aldehyds. 
The alcohols can also exchange II 8 for 0, and produce acids. 


(1). 2(C*H 8 0) + O’ = 2(11*0; + 2(C*TI 4 0) 

Alcohol. Oxygen. Water. Aldehyd. 

(2.) (C*H*0) + 0* = (H 2 0) + (C*JI 4 0 2 ) 

Alcohol. Oxygen. Water. Acetic acid. 


2nd. Action of Dehydrants . — Under the influence of dehydrating 
agents, alcohols lose (11*0) and give rise to a hydrocarbide : 


(C 2 H 8 0) = (H 2 0) + (C*H 4 ) 

Alcohol. Water. Ethylene. 
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Two atoms of alcohol can also lose (H z O) and be transformed into 
an ether proper : 

2(C*H*0) = (H*0) + (C , H ,0 O) 

Alcohol. Water. Ether.. 

Those reactions are well marked only in the series of alcohols which 
correspond to the hydrocarbides G"H* ,I+ * (the fatty series). 

3rd. Action of Chlorides , Bromides , and Iodides of Phosphorus . — 
When treated by the chloride, bromide, or iodide of phosphorus, they 
lose the residue (HO) for which Cl, Br, or I, is substituted ; thus, a 
chloride, bromide, or iodide of the radicle of the alcohol is produced, 
along with phosphorous or phosphoric acid, according as proto or 
perchloride, or bromide have been employed, and the hydracid of 
chlorine, bromine, or iodine : 

‘TO + (>») - «(°S })+’(§!) + TO) 

Alcohol Percliloride Chloride of Hydrochloric Phosphoric 

of phosphorus. ethyl acid. acid. 

In reality, this reaction has two stages, as the following equations 
show : 


. First Stage. 


TO 

+ (pop) = 

H + (§}) 

(TO 

Alcohol. 

Perchlnrldo 
of phosphorus. 

Oxychloride Hydrochloric 

of phosphorus. acid. 

Chloride of 
ethyl. 


Second Stage. 



») + rci a o 

II 

3 

.3. 

+ 

»CS}) 

Alcohol. 

Oxychloride 
of phosphorus. 

Phosphoric ucid. 

Chloride of ethyl. 


4. Action of Acids . — When treated by acids at a temperature vary- 
ing according to the strength of these latter, double decomposition 
takes place, and water and a compound ether are formed : 

TO + rS)}o) = + (!}o) 

Alcohol. Acetic acid. Acetic ether Water. 

(acetate of ethyl). 

These ethers being decomposed by water, it always happens that 
there is a moment in these reactions when the decomposing action of 
the water formed neutralizes the opposite action of the affinities of 
the acid and alcohol. The action is then arested, though the mix- 
ture still contains a certain proportion of acid and alcohol, which 
remain free. M. Berthelot thenoe concludes that, nothing of the kind 
being produced in the action of acids on bases, the compound ethers 
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cannot bo compared to salts. This conclusion cannot bo accepted. 
The phenomenon in question is owing to the respective affinities of 
the bodies of which we speak, and not to the constitution of tho com- 
pounds which aft formed ; it is probable that if, instead of causing 
strong acids to act on potash, weak acids were made to act on the 
hydrated oxides of tin or antimony, phenomena analogous to those 
observed with the alcohols would be obtained. 

A simple or compound ether is produced, according to whether the 
acid acting on an alcohol bo a hydracid or an oxyacid. 

5th. Action of Alkalies on the Alcohols . — Under tho influence of 
fused potash, tho alcohols disengage hydrogen and givo the potassic 
salt of the acid which corresponds to them. 



Alculiol. l*o tush. Awhile of Hydrogen. 

potassium. 


6th. Action of the Halogen Metalloids . — The alcohols when sub- 
mitted to tho influence of chlorine or bromine first lose two atoms of 
hydrogen which are not replaced. The other atoms of hydrogen are 
then replaced by these metalloids. All may be replaced except one, 
which is probably tho typical hydrogen of the alcohol : 

(°a}o) + Hoi!) - HJ'if) + ( c ™ , °) 

Alcohol. Chlorine. Hydrochloric Chloral. 

acid. 

7th. Action of the Alkaline Metals . — The alkaline metals react strongly 
on monatomic alcohols, disengaging hydrogen and being themselves 
substituted for the hydrogen eliminated : 

H c *g» + S} - H c Tf°) + !!! 

Alcohol. l*otutidium. Ethylate of potashium. Hydrogen. 

8th. Action of Hydrogen. — Many alcohols belonging to less hydro- 
genized series than that expressed by the general formula C M H 2 " +a O 
can combine with nascent hydrogen and pass to the state of more 
hydrogenized alcohols of another series. Allylic and probably cin- 
namic alcohol present this characteristic. 

( C H } °) + II } " ■ (° 5 } °) 

Ally He ulcohol Hydrogen. Propylic alcohol. 

These alcohols appear also to be capable of uniting directly with 
bromine, at least M. Reboul has stated that their ethers possess this 
property. 
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Ethers of the Primary Alcohols. 

We have seen that the name ether has been giipn to a series of 
bodies which arise from the substitution either of an acid or of an 
alcohol radicle for tbe atom of typical hydrogen those alcohols contain, 
or from the substitution of a halogen metalloid for the hydroxyl of 
the alcohols. We will divide the others into two largo classes — those 
which contain acid radicles and those which do not. 

Ethers containing Acid Radicles. — These may bo divided into 
simple and compound ethers. 

Simple Ethers. — Preparation. — Those are easily prepared, either by 
causing the hydracids of chlorine, bromine, or iodine, to act on tho 
alcohols, or by treating the latter by the chlorides, bromides, or iodides 
of phosphorus. They may also be obtained by substituting the chlo- 
rine or bromine for hydrogen in the fundamental hydrocarbide of the 
series. The hydrocyanic} ethers arc obtained by double decomposi- 
tion, on causing cyanide of potassium to act on hydrochloric ethers, or 
on the potassic salts of acid ethers. 

(&i) + PiPH ■ (s>) + (°sri) 

Cyanide of Amyl-sulphate of Sulphate of Cyanide of 

potassium. potassium. potassium. amyl. 

Properties, —a. Simple ethers, treated with zinc, give a haloid salt of 
zinc and a combination of zinc with the alcohol radicle. This latter 
body, in presence of a fresh quantity of the simple ethor, liberates 
a liydrocarbide, which hitherto has been considered as the radicle of 
tho alcohol, but which has perhaps quite another constitution. (See 
1 lydrocarburettcd Radicles.) 

>(°TI) + » - (*Sf) + ( 

iodide of ethyl. Zinc. iodide of E thy lido of zinc 

zinc. (ziuc-etbyl). 

((Owyl) + s (°Tf) - (*?}) + (ow) 

Zinc-ethyl. iodide of ethyl. Iodide of zinc. 

fl. Simple ethers, treated by water and zinc at 200°, give rise to the 
fundamental hydrocarbide of the series. ( Sec Saturated Ilydrocarbides.) 

y. Submitted to the action of salts of silver or of potassium, the simple 
ethers give rise to a double decomposition, in which a metallic haloid 
salt and a compound ether are produced : 



Chloride of Acetate of silver. Chloride Acetate of ethyl, 

ethyl. of silver. J 
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Compound Ethers. — Preparation . — There are five processes by which 
these ethers are prepared : 

a. The acid is mixed with alcohol. If the acid be strong, the 
reaction takes place in the cold ; if the acid bo weak, the mixture must 
be heated in scaled tubes, at a temperature which varies with tho 
bodies to be formed. 

p. A salt of silver is made to act on a simple ether of the alcohol of 
which a compound ether is to be obtained : 



l.’hluridc of Aa-tutc of silver. Chloride of Acetate of bun/.ile. 

bcnzile. silver. 


y. The chloride of an acid radicle is made to act on .an alcohol, or 
on its sodic derivative. Either hydrochloric acid or a metallic chloride 
is produced, and at the same time a compound other : 



Ethylate of Chloride of Itutyruli* of Chloride 

sodium. buiyryl. ethyl. of sodium. 


8. An acid anhydride is made to react on an alcohol or on a simple 
ether : 


Alcohol. 


Acidic ucfd. 


CM + G£S|») - CM + CM 

Acetic uuhydrlde. Acetate of ethyl. 

!C) + ( sw ) ■ (li:}'* 1 ) 


Ether. 


Sulphuric 

anhydride. 


Neutral sulphate 
of ethyl. 


e. An acid is made to react on an alcohol in presence of another 
stronger acid, such as sulphuric or hydrochloric acid. It is probable 
that there are two stages in those reactions. When sulphuric acid is 
employed there would be formed, according to this hypothesis, a sul- 
phovinic acid, which on contact with the second acid would re-form 
the sulphuric acid and give rise to a compound ether : 


First Stage. 

(™>) + («£}«■) . (S}o.) + (!!!<>) 

Alcohol. Sulphuric acid. Sulphovinic acid. Water. 

Second Stage. 

(™}») + ( c ” n >) - (“M) + ( w}°) 

Sulphovinic add. Henzotc odd. Sulphuric acid. Benzoate of ethyl. 



416 


PRINCIPLES OF CHEMISTRY. 


If the sulphuric acid were replaced by hydrochloric, a hydrochloric 
ether would first be formed, which, on reacting on the oxygenized acid, 
would re-form the hydrochloric acid and give a compound ether : 


First Stage. 


TO 0 ) 

» 

+ 

TO) + 

(I}°) 

Butylic alcohol. 

Hydrochloric 

add. 

Chloride of 
butyl. 

Water. 


Second Stage. 


rc'iriN 
< ci\) + 

to - 

(£51°) 

+ (?.}) 

Chloride of 
butyl. 

Formic add. 

Formiate of 
butyl. 

Hydrochloric 

ucid. 


Compound Ethers formed by means of the Polyatomic Acids. — Polyatomic 
acids can always form a number of ethers equal to the number of atoms 
of typical hydrogen they contain. When this hydrogen is entirely 
replaced by an alcohol radicle, the ether formed is neutral ; but when 
it is only partially replaced, acid ethers are obtained, and the remaining 
basic hydrogen may be replaced by a metal. 

The neutral others of these acids are easily procured by the processes 
wo have mentioned. 

The acid ethers are generally obtained by gently heating an alcohol 
with a biatomic acid, saturating the compound by a base which preci- 
pitates the excess of acid while forming a soluble salt with the acid 
ether formed, and then extracting this ether from its salt by precipitat- 
ing the metal it contains by a suitable acid. 

This class of ethers may also be obtained by the incomplete saponifi- 
cation 'of neutral ethers : 

(») + (S}°) - (°5f}°) + (tH 

Neutral oxalate Potash. Alcohol. Etbyloxalate of 

of ethyl. potassium. 

This process is very useful in the preparation of the mono- or bi-acid 
ethers of triatomic acids. 

Properties of Compound Ethers. — The compound ethers, when treated 
with bases, produce a metallic salt, and re-form the alcohol. This 
double decomposition is called saponification. Water alone saponifies 
the compound ethers at a high temperature : 

toh + (!}°) - r» + (°?}o) 

Acetic ether. Potash. Acetate of Al i^h ol. 

potassium. 

Ethers which do not contain Acid Radicles. — These ethers contain 
two alcohol radicles, united by the intervention of oxygen. When 
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those two radicles are identical, the ether is an ether proper. When 
they differ, the ether is said to he a mixed ether. 

E rnRits Proper. — Preparation . — The ether, properly so called, of an 
alcohol may he obtained by four principal processes : 

1 st Process . — By heating the alcohol with bodies having great, 
affinity for water, such as chloride of zinc. Two molecules of alcohol 
unite, giving up a molecule of water, and forming the ether : 

- (fflo) ♦ (21°) 

Alcohol. Oxide of ethyl Water. 

(ether). 

The bodies having a great affinity for water may be replaced by 
bodies which are almost inert, such as iodide of mercury. Those bodies 
serve as a centre of decomposition, and allow the alcohol to react on 
itself as it would on 4 m acid. 

2nd Process . — The alcohol is made to react on a strong polyatomic 
acid. A series of double decompositions hikes placo which are analo- 
gous to those wo spoke of in the fifth method of preparing compound 
ethers : 


First Stage. 


/ r*2TT a \ \ / an*" 

, \ /SO*"] \ /ni \ 

( C 2}°) + (n- 

0* = c*h4o*) + JJlo) 

’ / \ h J / V 1 ' / 


Alcohol. Sulphuric acid. Sulphovinlc acid. Water. 


Second Stage. 

(T}«) + (°f} o') - 1 8 ?;} o-) + (s?f°) 

Alcohol. Sulphoviufc acid. Sulphuric acid. Ether. 

The acid re-formed in the second stage of tlio reaction recommences 
the cycle of theso transformations. Consequently a relatively small 
quantity of a polybasic acid can transform almost indefinite quantities 
of alcohol into ether, the only limit being tlio formation of secondary 
products. 

This theory of etherification has been verified by Mr. Williamson in 
the following manner : 

He prepared an acid ether of amylic alcohol (amylsulphuric acid) ; 
then he transmitted a current of ordinary alcohol through tho gently- 
boated ether. It is evident that if, as the theory supposes, the ether 
arises from the successive decompositions and recompositions of the 
acid ether, the portions of this latter body which are found in the 
apparatus at the end of the operation are not of the same composition 
as those placed there at the commencement. Consequently, if tho 
theory be correct, in tho experiment just mentioned an aoid ether 
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ought to be found in the apparatus at th© end of the operation, differ- 
ing from the one originally placed there. This is what actually 
occurs. 

Moreover, during the time the decomposition of the acid ether formed 
at the commencement lasts, there ought to be disengaged, not ordi- 
nary ether, but a mixed ether formed by the radicles of the two 
alcohols in question : this the experiment also confirms. 

The following equations render this reasoning more intelligible : 

(»)«■) + (T}°) - ») + csrw 

Amyl-sulphuric Alcohol. Oxide of ethyl Sulphuric add. 

acid. and of amyl. 

(VM + (°!f°) - (tH + (?}») 

Sulphuric acid. Alcohol. Ethyl-sulphuric Water. 

It will be seen that at the commencement the apparatus contains 
amylsulphuric acid, and at the end ethylsulphuric acid ; and also that 
during the decomposition of the first of these bodies, neither oxide of 
ethyl nor oxide of amyl are disengaged, but the double oxide of ethyl 
and amyl. 

3rd Process.— The third process consists in causing the chloride, 
bromide, or iodide of an alcohol radicle to react on the sodium deri- 
vative of the same alcohol : 



Chloride of 
ethyl. 


/Off 1 n \ 


/cm" \ ft 

\ . /Nal\ 

\ Naf°J 


(cm* | 0 

) + (ci \) 

Ethylate of 
sodium. 


Ether. 

Chloride of 
[sodium. 


4th Process . — The simple ethers are saponified by anhydrous bases : 


*(°sn) + (*» - 

Chloride of ethyl. Anhydrous 

oxide of barium. 



Chloride of 
barium. 



Ether. 


Mixed Ethers. — Preparation . — Theso arc obtained, either by Mr. 
Williamson's process, that is to say, by causing a strong polybasic acid 
to act on a mixture of two alcohols, or by submitting the sodium deri- 
vative of an alcohol to the action of the simple ether of a different 
alcohol. 

Properties of Ethers proper , and of mixed Ethers.— 1 st. The two carbonized 
groups contained in these ethers are so strongly united together by the 
oxygen that the chlorides of phosphorus can only with great difficulty 
seize this oxygen and divide the molecule. The protochloride of phos- 
phorus can only act on ordinary ether in a closed tube at a high temper- 
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uture. 
ethyl : 


The reaction gives phosphorous anhydride and chloride of 


a(gg}°) + 2(PC1») = (FO») + 


Protochlorido 
of phosphorus. 


Phosphorous 

anhydride. 


Chloride of 
ethyl. 


2nd. Treated by acids or by acid anhydrides with heat, these ethers 
enter into double decomposition with them, and give, either two mole- 
cules of the same compound ether, or two different compound ethers : 

((S'} °) + (SlFO } °) = (° CH» } °) + ( C 5 h°« } °) 


Oxide of ethyl 
and methyl. 


Acetic anhydride. 


Acetate of methyl. 


Acetate of ethyl. 


3rd. Ethylic ether, and probably its homologues, give products of 
substitution under the influence of chlorine. 

M. Malaguti has thus obtained tetrachlorinated ethylic ether, which 
he has wrongly called bichlorinated (C 4 J1 6 01 4 0), and M. Lichen has 
prepared the bichlorinated ether, called by him monochlorinated 
/0 2 H 4 C1 1 \ 

vC 4 H 4 Cl f ® )* This latter body, treated in the cold with zinc-ethyl or 
with zinc-methyl, exchanges Cl for the ethyl or methyl, and gives 
products which have the formulae (° H c a im | °) and (° } °) 

These products when heated in a sealed tube with fresh quantities of 
zinc-methyl or zinc-ethyl exchange their last atom of chlorine for the 

ethyl or methyl, and furnish tho bi-ethylic ether | 0^ or 

the bi-methylic ether o). 

By treating the monochlorinated (bichlorinated) ether by ethylate or 
methylate of sodium, M. Lieben has succeeded in substituting oxethyl 
or oxy methyl for the chlorine, and has thus obtained : 

/C 2 H 4 (C*H a O') ) \ 
Chloroxethylic ether . . . . ( C 2 H 4 C1 I ® ) 

Dioxethylic ether ..... (QaH 4 (C^I“0^} °) 

Chloroxymethylio ether . . . 

Dioxymethylic ether has not yet been obtained. 

The formulas which M. Lieben has given to these bodies, and which we 
have here reproduced, are only considered as provisional by this chemist. 
He- employs them until more complete examination shall have deter- 
mined the real constitution of these compounds. Unpublished and 
as yet imperfect experiments, which he has been good enough to com- 
municate to me, tend to make me believe that the substitution of Cl 2 
. for H 2 in the ether is made at the cost of a single molecule of ethyl. If 

2 e 2 
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it bo really so, the compounds of which we have just spoken ought to 
.have tho following formula) : 

( CTI'Cl 2 1 () \ 

V. C a H“ ( U J 

Monochlorinated ether. 


r roofs in buppout of the actual Formula of Ether. — Before 
adopting an atomic weight equal to 1G for oxygen and to 12 for 
carhon, our formula of alcohol (CTO) was (CFIFO 2 ), and that of ether, 
which now is (O 4 II 10 O), was (CTPO 2 ). But this latter was divisible 
by 2, and might be written (C 4 H 6 0). Moreover, as water was (HO), 
the formula (C 4 II B 0) appeared more simple for ether, because it was 
thus derived from alcohol by simple dehydration. 

(0 4 H°0 2 ) = (C 4 H 6 0) + (IIO) 

Alcohol. Ether. Water. 

Tho adoption of the new atomic weights obliged this formula of 
other to be doubled, because oxygen cannot enter into a compound 
except in atomic proportions; hence the great differences between 
those chemists who double this formula according to the new theory 
and those who, faithful to the old ideas, refuse to double it. 

The necessity for doubling the formula of ether, even with the old 
notation, is of such importance that we will detail the reasons which 
have induced chemists to adopt this course. It is one of the facts 
which have greatly contributed to the establishment of our present 
ideas. 

1st. To bring ether to the same gaseous volume as the other bodies 
its formula must be doubled. 


(CTO(C^)}o) 

Chlorethylic ether. 

(C*H*C1(CH^ | o) 

Chloromethylic ether. 

(CTIXC^Jo) 

Diethylic ether, 

r< c ^}o) 

Dimetliyllc ether. 

(CTPC1(C«H^| 0 ) 

Chloroxetbylic ether. 

(C^(C^> : |o) 

Dioxcthylic ether. 

((m-citcffo) 1 0 ) 

Chloroxymethylic ether. 
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2nd. Tho theory of etherifioation, demonstrated by Mr. Williamson, 
proves that two molecules of alcohol always intervene to form etlior, 
and that sulphuric acid does not aot as a mere dehydrant, as was 
believed. 

3rd. In tho preparation of ether by means of the simple ethers and a 
sodium derivative of an alcohol, it will again be seen that in older to 
form the ether it is necessary that two molecules of alcohol should 
enter into the reaction. 

4th. There exist mixed ethers which contain radicles of two differ- 
ent alcohols, and these bodies are formed by reactions which are 
identical with those which produco ethers proper. 

5th. M. Lieben has obtained ethylic etlior (C 4 ll 10 O), in which one 
atom of hydrogen is replaced by chlorine and another by ethyl ; tho 
hydrogen in the ether can therefore be replaced by tenth parts, which 
fully proves that the molecule of this body contains at least ten atoms 
of that element. 

Nomenclature of the Ethers. — Tho ethers properly so called aro also 
named oxides of the alcoholic radicle. Thus we may say oxide of 
amyl, or amylic ether. 

Mixed ethers aro named by adding to this generic word the names 
of the two alcohols which enter into tlicir composition united into a 
single word. They are also called oxides of tho two radicles they 

contain. Thus the compound j is called indiscriminately 

mixed cthylamylic ether, or oxide of ethyl and amyl. 

Tho simple ethers aro called hydrochloric, hydrobromic, liydriodic, 
hydrofluoric, hydrocyanic ethers; their name being thus preceded by a 
word which indicates from what alcohol the ether is derived. They 
are also designated as chlorides, bromides, iodides, fluorides, cyanides 

of the alcohol radicles. The compound CTI) is both “ heptyl- 

hydrochloric ether” and “ chloride of heptyl.” 

In naming the compound ethers, tho word ether follows the name 
of the acid of which the body contains tho elements, and that of 
the acid is preceded by a word which indicates the alcohol from 
which it has been prepared. They may also bo named like metallic 
salts, taking for specific name that of their alcohol radicle. The words 
ethyl-acetic ether, and acetate of ethyl, both indicate the com- 

pound (°gg j O). 

The neutral compound ethers formed by polybasic acids are named 
in the same way as the preceding ; the acid ethers are designated by 
preceding the word acid by a compound name formed by tho name of 
the acid whose elements enter into their constitution, to which is pre- 
fixed the name of the radicle of the alcohol. That part of the word 
which designates the radicle is preceded by tho syllables di, tri, etc., 
to designate the number of atoms of these radicles. 
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The compound 


/ SO*") \ 

It} 0 ) 


is thus named ethylsulphuric acid. (It 


is* also called sulphovinic acid.) 

/ PO"' 

The compound ( (C a II & ) a 


V 


II 


H 


is called diethylphosphoric acid. 


When several different radicles enter into an ether, they should be 
indicated ; thus : ethyl-amyl-phosphoric acid, or phosphate of methyl, 
othyl, amyl, etc. 

Primary Monatomic Alcohols really known. — The primary mona- 
tomic alcohols which are actually known are the following : 


Sattoatkd Alcohols. — 1st. Alcohols of the series C"H 2,,+2 0. 
Methylic alcohol, or hydrate of methyl : 

(CH-O) . (<>§• jo) 

Ethylic or ordinary alcohol, or hydrate of ethyl : 

(otto) = ( c } o) 

Propylic alcohol, or hydrate of propyl : 

(Wo) = 1 o) 

Butyl ic alcohol, or hydrate of butyl : 

(c 4 H 10 o) = ( C H^°) 

Amylic alcohol, or hydrate of amyl : 

(c'ipo) = } o) 

Caproic or hexylic alcohol, or hydrate of hexyl : 

(OTPO) = ( C h“}°) 

(Enanthylic or heptylic alcohol, or hydrate of heptyl : 

(W*o) = (°^ W }o) 

Caprylic or octylic alcohol, or hydrate of octyl : 

(W»o) = ( c h" } o) 

Cetylic or ethal alcohol, or hydrate of cetyl ; 

(c"H«o) = ( C J | o) 
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Cerylio alcohol, or hydrate of oeryl : 

^0”H“0^ = f O) 

Myricic alcohol, or hydrate of myrioyl : 

(OTF’O) = ( C ‘°g" J o) 

2nd. Alcohols of the series C’ , H 2 *“ 6 0. 

Benzylic alcohol, or hydrate of benzyl : 

(c 7 H 8 o) = ( C7 g 7 1 o) 

Toluic alcohol, or hydrato of toluyl : 

(C e H I0 o) = (° h° } O) 

Cuminic alcohol, or hydrate of cumyl : 

(c i0 H M o) = ( G '°^ 3 1 o) 

Sycooerylic alcohol, or hydrato of sycocoryl : 

(c ,8 H“o) = ( C “g” | o) 

N on-saturated Alcohols. — 1st. Alcohols of the series C^H^O. 
Acetylenic alcohol : 

(OTOj = ^° 2 ^ 3 1 o) 

Allylic alcohol : 

(c’H'o) - } 0) 

2nd. Alcohols of the series C’*H 2,, “ 2 0. 

Campholic alcohol, or Borneo camphor : 

(C'°H I8 o) = ( C ‘ g" | Oj 

3rd. Alcohols of the series C tt H 2 *~ 8 0. 

Cinnamic alcohol : 

(c*H lo o) = ( c *§’ } o) 

Cholesteric alcohol : 

(0>H*0) - (°Tf°) 
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Thk most import an i* Primary Monatomic Alcohols. 

Methylic Alcohol | qjj^* — Preparation. — Methylic alcohol, or 

wood-spirit, is found among the products of the dry distillation of 
wood, wliero it exists mixed with acetic acid, water, and a number of 
other substances. 

In order to extract it from the mixture, the latter is distilled, care 
being taken that the operation be arrested when the tenth part of the 
liquid has passed over, and the product is rectified over quicklime. 

The liquid thus obtained is mixed with chloride of calcium and dis- 
tilled in a water-batli. The impurities distil, while the wood-spirit 
remains combined with the chloride of calcium. If tho residue be 
then heated with water, this combination is destroyed and methylic 
alcohol distils over. It is separated from the water it still contains by 
a second rectification from quicklime. 

The methylic alcohol which has undergone these different opera- 
tions is still not perfectly pure. In order to purify it entirely, it 
must be distilled with a mixturo of sulphuric and oxalic acids, which 
transforms it into oxalate of methyl. This oxalate is solid and may be 
easily obtained in a pure state by crystallization; Finally, it is saponified 
by moans of an alkaline solution, and the product dehydrated by distil- 
ling a third time from quicklime. 

Properties . — Methylic alcohol is liquid and colourless, is without 
action on test papor, and has a density of 0*8142 at 0°. It can be 
mixed with water in all proportions and the mixturo does not become 
turbid. It does not give any black precipitate with mercurous nitrate. 
It boils at G6°-5, burns with a dull-bluo flame, and has an ernpy- 
reumatic odour. 

Wood-spirit mixes with alcohol, ether, essences, and oils. It 
dissolves phosphorus and sulphur sparingly. It combines with baryta, 
dissolving it, and also dissolves potash; but these latter solutions 
become brown and rapidly alter when exposed to the air. 

When wood- spirit is dropped on to platinum black, the access of 
air being regulated, it oxidizes, and is transformed into formic acid : 



Wood-spivit. Oxygen. Formic add. Water. 


But, whatever oxidizing methods may be used, formic aldehyd 
(c{0> never procured. ThiB body appears to be too instable to bo 
obtained. 

When tho vapour of methylic alcohol is transmitted over strongly- 
heated polash-limo, hydrogen is disengaged, and fonniate of potassium 
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is formed. But, as on contact with alkalies in oxcess, the fonniatos are 
transformed into oxalates, hydrogen being disengaged, oxalato of 
potassium is almost always obtained in this reaction : 

(°{cffl) + (if 0 ) - (°{g K ) + 2 (h}) 

Metbylic alcohoL Hydrate of Formlutcof Hydrogen, 

potassium. potassium. 

With wood-spirit, chlorine gives compounds which are imperfectly 
known. Chloride of lime transforms it into chloroform. Bromine or 
iodine, added to a solution of potash in wood- spirit, give bromoform 
or iodoform. When heated with chloride of ammonium, methyl ic 
alcohol is converted into the chlorides of methyl-, of dimethyl-, and of 
trimethyl-ammonium. 

Sulphuric acid mixed with wood-spirit, evolves heat, and gives rise 
to the formation of methyl-sulphuric acid, which crystallizes on the 
spontaneous evaporation of the liquid. 

(ST I 01 ) + (°h}°) - '(%} 0 ') + (n ( °) 

Sulphuric acid. Wuod-spirit. Methyl-sulphuric Water. 

acid. 

When a mixture of wood-spirit and sulphuric acid is heated, a 

gaseous product, the oxido of methyl ( Ol is obtained. But in no 

case is methylene (CI1 2 ) formed. This latter body does not appear to 
be stable in the free state. 

The liydracids easily transform wood-spirit into simple ethers. Chlo- 
ride of methyl is gaseous and does not liquify at —18°. Water dis- 
solves 2-8 times its volume at 16°; its density is 1*786 ; the iodide is 
liquid and boils at 42 0, 2 under a pressure of 752 m,n . 

The oxychloride of carbon becomes greatly heated when mixed with 
wood -spirit, and transforms this body into chlorocarbonato of methyl. 

(T}°) + kp - (so + ■Mr 1 ; 

Wood-Bpirit. Chloride of Hydrochloric Chlorocarbonutc of 

carbonyl. acid. methyl. 

Sodium dissolves in methylic alcohol, disengaging hydrogen. In 
this case methylate of sodium is prpduced : 

K c h}o) + sg - .®o) + gj 

Metbylic alcohol. Sodium. Methylate of Hydrogen. 

sodium. 

Nevertheless, the quantity of sodium corresponding theoretically to 
this equation cannot bo dissolved. As soon as a small quantity of 
methylate of sodium is formed, the mass becomes pasty and the sodium 
ceases to dissolve. The solution may indeed be facilitated by apply- 
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ing heat, but then the methylate of sodium partially decomposes, and 
its colour becomes brown. 

Appendix to Wood-spirit . — Chloroform , Bromoform , and Iodoform . 

Chloroform (CHOI 8 ). — Chloroform may be considered as trichlo- 
rinated marsh gas or bichlorinated chloride of methyl. It may be 
obtained by causing chlorine to act either on marsh gas or on chloride 
of methyl. But these methods of preparation are long, costly, and 
laborious, and have only a theoretical importance, not being practically 
useful. 

Fortunately, chloroform is also produced in a number of other 
reactions, which, though complicated in a theoretical point of view, 
arc simple in practice. Soubeyran recommends the following process 
of prepa ration. 

Preparation . — Ten kilogrammes of chloride of lime and three of 
slaked lime, mixed with sixty of water, are placed in a still which 
must bo capacious enough to be only a third full; then two kilo, 
grammes of alcohol at 85° aro added, and the whole is quickly heated. 
The reaction commences about 80°, and takes place so actively that 
the fire must be removed or the mass will overflow. Distillation then 
commences and proceeds almost by itself. About three litres of the 
liquid, which is divided into two layers, are collected : one of these 
layers consists of water ; the other, which is heavier, of chloroform, 
mixed with alcohol and chlorine. 

The lower layer is separated and washed, first with water to remove 
the alcohol, then with a solution of carbonate of potassium to re- 
move the chlorine. Finally, it is dried by chloride of calcium and 
distiljed. In this operation, the quicker thet temperature of 80° is 
attained the more will there be of the product obtained. Therefore 
it is better to mix the lime with hot water. 

The alcohol may be replaced by wood-spirit or acetone in this prepa- 
ration ; but the chloroform is then adulterated with a chlorinated oil, 
from which it must bo freed by distillation with sulphuric acid. 

Properties . — Chloroform is a colourless and very clear liquid ; its 
taste is first pungent, then fresh and sweet. Its density is 1 ’491 at 17°. 
It has a very agreeable etheroal odour. Its boiling point is 61° 
according to Regnault, and 63° *5 under a pressure of 0*772 according 
to Pierre ; its vapour density has been found to be 4*199 — 4*230. 

Chloroform ignites with difficulty ; however, when a cotton wick is 
impregnated with it, it bums with a green flame. If a moistened glass 
be plaoed over this flame hydrochloric acid will be condensed, which may 
be recognized by the precipitate which is produoed when an aqueous 
solution of nitrate of silver is added to it. This latter reaction, 
and the green colour of the flame, are characteristics of all chlori- 
nated, brominated, or iodized organic substances. With these latter, 
however, the colour of the flame approaches more to blue. Chloroform 
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is only slightly soluble in water, to which it commnnioates a very agree- 
able sweet taste. It is very soluble in alcohol and ether ; concentrated 
sulphuric acid does not dissolve it. 

Pure chloroform should fall to the bottom of water without making 
it cloudy, while when mixed with alcohol it becomes milky. This 
latter impurity may also be recognized from the circumstance that 
pure chloroform does not become green with a mixture of sulphuric 
acid and potassic bichromate, while it assumes this colour if it contains 
alcohol. 

Chloroform dissolves most organic matters which are rich in carbon. 
It readily dissolves caoutchouc, which it deposits unaltered on evapo- 
ration. 

When distilled in a current of chlorine, it is converted into hydro- 
chloric acid and perchloride of carbon : heated with an alcoholic solu- 
tion of potash, chloroform is converted into potassic formiate and 
chloride : 

(oner) + 4 (E) o) = s(* }) + ( CH «)o) + 2(^)0) 

Chloroform. Potassic Chloride of Formiate of Water, 

hydrate. potassium. potassium. 

Chloroform vapour, mixed with air, produces complete anrosthesia 
when breathed. The anaesthesia is preceded by a period of excitement 
which only lasts a short time. This anaesthetic property is much used 
in surgery. 

Bromoform (GHBr 3 ). — Preparation . — This body is obtained by 
causing potash and bromine to act simultaneously on wood-spirit, 
alcohol or acetone ; it is also obtained by submitting aqueous citric 
and malic acids to the action of bromine, or by treating bromal 
(CTTBriO) with alkalies. 

The first process is the most simple. One part of potash is dissolved in 
one part of wood-spirit, and sufficient bromine is added to slightly colour 
the liquid. A layer of bromoform is deposited at the bottom of the 
liquid; it is washed, dried over chloride of calcium, and distilled. 

Properties . — Bromoform is a clear liquid; its density is 2 • 13 ; it 
possesses an agreeable odour and a sweet taste. Its boiling point has 
not been determined with certainty, but it is less volatile than chloro- 
form. It is very slightly soluble in water, to which it nevertheless 
communicates its odour and taste. Alcohol, ether, and essential oils, 
on the contrary, dissolve it with ease. 

It behaves in the same manner as chloroform with re-agents ; but 
splits up more readily than this latter into bromide and formiate under 
the influence of alkalies. 

Iodofbrm (CHI 8 ). — Preparation. — M. Filhol recommends the 
following method of preparing this body to be employed : 

Two parts of crystallized carbonate of sodium are dissolved in 
ten parts of water, and one part of alcohol is added. The liquid is then : 
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heated to 60° or 80° and one part of iodine is thrown in gradually. At the 
end of the operation, the iodoform is deposited at the bottom of the hot 
liquid, which is filtered to separate the deposit ; two fresh pails of car- 
bonate of sodium are introduced into the mother-liquor, which is kept 
at 60° or 80°, and an additional part of alcohol is added. A current of 
chlorine is then transmitted rapidly through the liquid, a large quantity 
of nascent iodine is thus constantly in contact with the alcohol, and 
iodoform is produced in abundance. When a considerable quantity of 
the product has been formed, the action of the chlorine is arrested, the 
liquid is filtered, and, if necessary, the mother-liquor may be treated as 
before, and a third proportion of iodoform obtained. 

Iodoform crystallizes in small pearly scales of a yellow colour, very 
friable and greasy to the touch. Its odour resembles that of saffron ; its 
density is about 2 • 0 ; it does not perceptibly dissolve in water, but it is 
vory soluble in alcohol, ether, oils, and essences. It melts between 
11 5° and 120°; part vaporizes without alteration, and part is decomposed. 
It may be distilled with the vapour of water. 

Under the influence of the alkalies, iodoform is converted into an 
alkaline formiate and iodide. 

Iodoform is a local anaesthetic, and is used as such in medicine. 

Ethylic or Ordinary Alcohol ^ jj | O^. — Preparation . — When 

ordinary sugar, dissolved in water, is loft in presence of organic 
matter, and a little beer yeast is added to the liquid, fermentation is 
produced, the first effect of which is to split up the cane-sugar, when 
that is used, into glucose and levulose ; and it then transforms these 
latter bodies into carbonic anhydride, alcohol, propylic alcohol, butylic 
alcohol, amylic alcohol, glycerine, succinic acid, etc. This transforma- 
tion results from a vital action. M. Pasteur has clearly shown that the 
microscopic colls of which yeast is composed are true mycoderms, 
which live at the expense of the fermenting substances, and transform 
them into a number of different products. The transformation of sugar 
into alcohol cannot therefore bo represented by any chemical equation : 
as all those by which it could be represented would bo too simple and 
erroneous. 

Generally, alcohol is extracted from wine (fermented grape-juice) or 
from the product of the fermentation of the juice of beet-root, or, again, 
from the product of the fermentation of glucose obtained by the sac- 
charification of starch, rice, or other cereals of inferior quality. 

In order to extract it from these substances they are submitted to distil- 
lation. Alcohol being more volatile than water, first passes over, and if, 
as in manufactories, the apparatus is so contrived that the least volatile 
portions constantly fall again into the still, two distillations are sufficient 
to produce alcohol containing only two per cent, of water. 

These two parts of water cannot however be removed by distillation. 
To do this, quicklime which is covered with alcohol of 98 p. c. is placed 
in a retort. The cover is then put on this retort, all its openings are 



ETHYLIC OR ORDINARY ALCOHOL. 


429 


closed, and the whole is left for 24 hours. The lime swolls during this 
time and absorbs the water which the alcohol contained. After 
24 hours it is distilled, and if the product be not perfectly anhydrous, 
it must be left for 24 houra in contact with anhydrous baryta in awell- 
stoppored glass globe, and then again distilled. 

Alcohol may also be obtained by the different general processes wo 
have described ; but though these are so interesting in a theoretical point, 
of view, they cannot be used practically. 

In order to ascertain whether the alcohol be quite anhydrous, it is 
placed in contact with sulphate of copper which has boon doprived of its 
water of crystallization by heat, and is consequently perfectly white. 
If the alcohol contain water the sulphate of copper assumes a blue tint. 

Properties . — When pure, alcohol is a colourless and very volatile 
liquid of an agreeable odour; its density is 0*792 at 20°. It has an 
acrid burning taste, which loses much of its intensity when diluted 
with water; it boils at 78°*4 under a pressure of 760 mm ; it is not 
solidified by a cold of - 100°, but it becomes viscid at that temperature. 
Its vapour density is 1*61 33. It is very inflammable, and bums with a 
dull-blue flame. 

Alcohol mixes with water in every proportion. The mixturo is ac- 
companied by disengagement of heat, and a contraction, which roaches 
the maximum when 116 parts of water are added to 100 parts of 
alcohol. 

Alcohol dissolves resins, others, essential oils, alkaloids, many of the 
organic acids, bromine, iodine, sulphur and phosphorus slightly, and 
certain mineral salts, such as the perchloride of mercury and nitrate of 
uranium. 

Sulphuric acid becomes considerably heated when mixed with 
alcohol. When such a mixture is made, care must always bo taken to 
pour the sulphuric acid into the alcohol, shaking it continually, and 
not the alcohol into the sulphuric acid. Sulphovinic acid and wafer 
are produced in this reaction. 

CTI 0 ) + (so*” {oh) - (so-pff) + (S}°) 

Alcohol. Sulphuric acid. Sulphovinic add. Water. 

If water be added to the mixture, and it bo then saturated with carbo- 
nate of barium, barytic sulphate which precipitates is formed, while sul- 
phovinate of the same metal remains in solution. The liquid is then 
filtered, and when left to spontaneous evaporation it deposits this salt 
in beautiful crystals. 

If, on the oontrary, the mixture of sulphuric acid and alcohol bo 
heated, ether is formed which distils if the proportion of sulphuric 
acid bo not too great ; and ethylene if the contrary be the case. ( See 
Ethers proper, p. 417.) 

The hydracids passed in a gaseous state through alcohol, transform 
it into chloride, bromide, iodide, or fluoride of ethyl : 
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(T( °) + S}) - (°S}) + (?|°) 

Alcohol. Hydrochloric Chloride of Water, 

acid. ethyl. 

Mineral or oi genic oxyacids also unite with alcohol, eliminating 
water and giving rise to compound ethers. When they are strong, the 
action takes place in the cold, as with sulphuric acid. When, on 
the contrary, they are weak like acetic acid, their mixture with 
alcohol must be heated to 200° in hermetically-sealed tubes, or this 
mixture must be submitted to a current of hydrochloric acid. (See Com- 
pound Ethers, p. 415.) 

Mercuric nitrate does not attack alcohol, but when mercuiy is dis- 
solved in nitric acid in presence of alcohol, a fulminating product is 
obtained — the fulminate of mercuiy — which is used in the manufacture 
of gun-caps. 

I Chromic acid oxidizes alcohol so actively that the liquid takes lire. 

On contact with platinum black, alcohol is transformed into acetic 
acid : 

CW + 0} . (<*)„) + (=}o) 

Alcohol. Oxygon. Acetic acid. Water. 

It gives acetate of potassium with disengagement of hydrogen, when 
its vapours are transmitted over strongly-heated potash-lime : 



Alcohol. Potash. Acetate of Hydrogen. 

potassium. 


Heated with a mixture of sulphuric acid and binoxide of manganese 
or bichromate of potassium, it furnishes aldehyd : 



Alcohol. Oxygen. Aldehyd. Water. 


Chlorine attacks alcohol strongly when this liquid is perfectly 
anhydrous: hydrochloric acid and chloral are formed. 

( 0 h'}°) + 4 (cif) = 5 (ci[) + (CPHCFO) 

Alcohol. Chlorine. Hydrochloric Chloral. 

acid. 

/Many neutral salts, such as iodide of mercury, chloride of ammo- 
nium and others, etherify alcohol when they.are heated to between 200° 
and 300° with this liquid in hermetically-sealed tubes. In the case of 
chloride of ammonium there are formed, in addition to ether, the chlo- 
rides of ethyl-ammonium, biethyl-ammonium, and triethyl-ammonium. 
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Estimation of Alcohol. — Spirits, wines, liqueurs, and spirituous 
liquids in general are usually valued according to the quantity of pure 
alcohol they contain. The method employed to determine this propor- 
tion is based on the difference of density according to the amount of 
water with which it is mixed. Gay-Lussac constructed an hydrometer 
so graduated that, when plunged into 6uch a mixture, it at once indi- 
cates the per centage. But as the indications of this instrument vary 
with the temperature, and as it has been graduated for a temperature 
of 15°, when the operation is conducted at *a higher or lower tempera- 
ture the indications of the hydrometer must bo corrected accordingly. 
This is done by the assistance of a table of corrections calculated by 
Gay-Lussac. Moreover, this correction may be calculated without the 
table by means of the formula x = c ± 0*4t, in which x expresses the 
quantity of the alcohol contained in the liquid, c the degree observed 
in Gay-Lussac’s hydrometer, and t the number of degrees which 
separates the temperature observed from 15°; the second figure is sub- 
tracted from the first when the temperature is higher than 15°, and 
added if the contrary be the case. 

If the liquid whose quantity of alcohol has to bo determined does 
not contain alcohol and water exclusively, if, for instanco, it holds 
solid substances in solution which may have an influence on its density, 
the preceding process cannot be directly applied. In order to employ 
it, the liquid must first be submitted to distillation, in order to elimi- 
nate the foreign substances. The fourth part of the liquid is generally 
collected in the distillation, and there is added to this distilled part a 
quantity of pure water sufficient to restore its volume to that of the 
original liquid. The hydrometer is then used as we have just explained. 
Tho distilled liquid need not have the water added to it, the degree 
might be taken immediately ; but then, in order to bring tho degree 
observed to that of the liquid in question, it must be divided by four, 
if the fourth part have been exactly collected ; by three if it were the 
third part, and so on. 

A useful apparatus is sold in commerce for the purpose of theso 
operations. It consists of a small flask, the neck of which is closed 
by an india-rubber stopper having a tube adapted which unites the 
flask to a small refrigerator. Fig. 49 (page 432) shows the apparatus 
and the mode of using it. 


Appendix to Ethylic Alcohol . 

Oxide of Ethyl (Ether) Preparation.— In order to ob- 

tain ether from ordinary alcohol, a tubulated retort is half filled with 
a mixture of 5 parts of alcohol of 90 per cent., and 9 parts of concen- 
trated sulphuric aoid. This retort is placed in communication with a 
condensing apparatus, while the upper tubulure communicates, by means 
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of a tube with a stopcock, with a large vessel full of alcohol (fig. 50). 
The retort being heated in a sand-bath, ether begins to distil over. Then, 
from time to time, a quantity of alcohol, approximately equal to that 



Fig. 49. 

which distils in the stato of other, is added to the hot mixture ; the ope- 
ration may be thus continued until, owing to secondary reactions, the 



Fig. 50. 


liquid of the retort shall have lost its powers of etherification, which does 
not occur until the operation has been carried on for a considerable time. 


AMYLTC ALCOHOL. 433 

We have already seen the theory of this reaction, when speaking of 
ethers in general. 

Ether thus obtained is not pure ; it is mixed with water and alcohol, 
and must be purified by agitating it with water which dissolves it 
only very sparingly, but which seizes the alcohol. The ether is then 
dried over chloride of calcium, and finally distilled. The best method 
of obtaining it perfectly anhydrous is to leave it for some length of 
time in contact with pieces of sodium. 

Properties . — Pure ether is a colourless, limpid, and very volatile 
liquid ; its taste is at first fiery, but afterwards cooling, and it has an 
agreeable odour. Its density in a liquid state is 0*723, and its vapour 
density is 2*586. It has a high refracting power, boils at 35°*6, and 
is solidified at —31° in brilliant laminae. Ether mixes with alcohol in 
all proportions, but it is only soluble in 9 times its volume of water ; 
it readily dissolves the essential oils, resins, hydrocarbons, and fatty 
bodies, and in general substances which are highly carbonized. It 
dissolves sulphur and phosphorus sparingly, and, among mineral salts, 
mercuric chloride and uranic nitrate. 

Ether is very inflammable ; its vapour, mixed with the air, forms 
an explosive mixture ; from its great volatility, it is always danger- 
ous to decant it near a flame. 

Sulphuric acid dissolves ether, and the mixture becoming heated is 
transformed into ethyl-sulphuric acid : 

*MSD + (pS-\°) - 2 ( so i!xW + S!° 

Sulphuric add. Ether. Etliyl-sulphurlc Wuter. 

(sulphovluic) acid. 

We will not say more here on the other chemical properties of other, 
which have been sufficiently treated of under the head of others proper 
and primary monatomic alcohols in general (p. 417). 

Ether, like chloroform, is an anaesthetic, and was formerly used as 
such, but as owing to its great volatility it is more difficult to administer, 
and as, besides, it requires a longer time than chloroform to cause 
anaesthesia, its employment has been superseded by this latter body. 
It is taken medicinally as an antispasmodic, cither mixed with water or 
in small gelatine capsules. 

Amylie Alcohol ^ | 0^. — Preparation . — In the manufacture of 

ordinary alcohol, when the whole, or at least the greater part of the 
alcohol contained in the fermented liquid has distilled, a residue is 
left which boils at a higher temperature, and which contains propylic, 
butylic, and amylio alcohols. The latter is the most abundant of the 
three. When this residue is submitted to fractional distillation, and 
that which passes at from 128° to 132° is collected, pure amylie alcohol 
is obtained. 

Properties . — The hydrate of amyl is an oily, colourless, and very 

2 F 
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mobile liquid, of a peculiar odour, and having an acrid, burning taste. 
When its vapours are inhaled, they produce oppression at the chest, 
followed by cough. Its density is 0*8111, and its vapour density 
3*147. It stains paper, but the stain does not last long ; it does not 
perceptibly dissolve in water, but floats on the top like oil ; it readily 
dissolves in alcohol, in ether, and the different essences ; when cooled 
to —22° it congeals in crystalline plates. 

Amylic alcohol generally exercises an action on polarized light, but 
that prepared artificially by the different processes formerly mentioned 
is inactive. M. Pasteur has discovered that active amylic alcohol is 
sometimes dextrogyrate and sometimes levogyrate. That extracted 
from fermented liquors is a mixture of these two varieties. There- 
fore, instead of having a constant boiling point, it varies between 
128° and 132°; the two varieties having different boiling points, 
which are very near each other. 

When the vapours of amylic alcohol are transmitted through .a red- 
hot tube, they furnish ethylene, propylene, butylene, and amylene. 

Amylic alcohol bums readily, with a blue flame. In presence of 
platinum black it is converted into valeric acid. When heated with a 
mixture of sulphuric acid and bichromate of potassium, it forms valeric 


aldehyd. 




CTO 

+ 

oo. 

II 

(Sfo) + 1 

rs} 0 ) 

Hydrate or amyl. 

Oxygen. 

Water. 

Valeric add. 

°CTO 

II 

OO 

4- 

2 (h1°) + 


Hydrate of amyl. 

Oxygen. 

Water. 

Valeric aldehyd. 


Concentrated sulphuric acid roadily dissolves amylic alcohol, disen- 
gaging heat ; if water bo added to the mixture, and it be saturated 
with carbonate of barium, barytic sulphate is precipitated, and sulph- 
amvlate of barium, which crystallizes on the evaporation of the liquid, 
remains in solution : 

CTO + MSI) - Kt) + (?}<>) 

Amylic alcohol. Sulphuric acid. Amylsulphurlc add. Water. 

13y submitting this salt to repeated crystallizations, M. Pasteur has 
been able to separate that arising from the dextrogyrate alcohol from 
that arising from the levogyrate alcohol, and consequently to obtain 
these two varieties of the 6ame alcohol in a free state. For this 
purpose the sulph-amylate of barium is precipitated by sulphuric acid 
to liberate the amyl-sulphuric acid, and this latter, distilled with 
water, furnishes amylic alcohol : 

K {$„..) + (i}0) - (so- IP + (T}o) 

Amyl-sulphuric add. Water. Sulphuric acid. Hydrate of amyl. 



SECONDARY MONATOMIC ALCOHOLS. 


435 


When the solution of hydrate of amyl in concentrated sulphuric 
acid is distilled, oxide of amyl, amyleno, and different hydrocarhides 
are obtained. 

On distilling a solution of chloride of zinc in amylic alcohol, amylcne 
mixed with hydride of amyl is obtained, and also higher homologues 
of these two bodies. 

Under the influence of cither oxyacids or hydracids, amylic alcohol 
is etherified in the same way as the other alcohols : 

(T}°) + (30 - (S 1 °) + M 

Amylic alcohol. Hydrochloric Water. Chloride of 

acid. amyl. 

When heated with potash-lime to 220°, hydrate of amyl is converted 
into valerate of potassium, disengaging hydrogen : 


(Tl °) + 

II 

CS}°) 

+ 2 (JS|) 

Hydrate of amyl. 

Potash. 

Valerate of 
potassium. 

Hydrogen. 

Sodium and potassium dissolve in amylic alcohol, producing metallic 
amylates and disengaging hydrogen. 

»CT}°) 

ii 

+ 

*(Tf o) 

. H 

+ H 

Amylic alcohol. 

Potassium. 

Amylute of 
potassium. 

Hydrogen. 


This amyl ato, when treated by iodide of amyl, furnishes oxide of 
amyl and iodide of potassium. 

(Tf°) + (TO - + (10 

Amylnte of Iodide, of Oxide of amyl. Iodide of 

potassium. amyl. potassium. 

Chlorine acts on hydrate of amyl in the same manner as on all the 
other alcohols, that is to say, it takes two atoms of hydrogen from it 
and furnishes products of substitution derived from the alcohol thus 
dehydrogeni zed . 

(°h» + »(S}) - 4 (3j) +' (™ w) ) 

Amylic ulcohol. Chlorine. Hydrochloric Chlnrutnyl. 

arid. 


SECONDARY MONATOMIC ALCOHOLS. 

Only one alcohol of this series is yet known, viz., the isopropylie 
alcohol obtained by M. Friedel by submitting ordinary acetone to the 
action of nascent hydrogen. 

2 f 2 
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Acetone. Hydrogen. Isopropyllc 

alcohol. 


The characteristic property of the secondary alcohols is, that when 
oxidized they give an acetone which is incapable of being ultimately 
transformed into an acid, instead of an aldehyd which can be thus 
transformed. Thus, while propylio alcohol would be converted by 
oxidation first into propionic aldehyd and then into propionic acid, 
isopropylic alcohol only furnishes acetone. 



Isopropyllc Oxygen. Water. Acetone, 

alcohol. 


This property is thus explained : the transformation of an alcohol 
into an acid arises from the substitution of O" for H 2 : 



Etliylic alcohol. Acetic add. 


in secondary alcohols 6uch a substitution is impossible, as thoy 
possess only a single atom of typical hydrogen, the other being replaced 
by methyl. 

Under the influence of bromine, isopropylic alcohol acts like the 
true .alcohols. While these lose H* under this influence, and are con- 
verted into aldehyd, which the bromine afterwards transforms into a 
product of substitution, it also loses H a , and is converted into acetone, 
which, by an ulterior action of the bromine, gives ter- and tetra-bro- 
minated acetone. The hydrobromic acid liberated in this reaction 
always reacts on the isopropylic alcohol still undecomposed and gives 
bromide of isopropyl. 

It is probable that all acetones, when treated with nascent hydrogen, 
would furnish secondary alcohols. 


TEBTIABY MONATOMIC AIiCOHOLS. 


All these alcohols have been obtained by M. Boutlerow ; they are 
four in number, two of them being isomers. They are : 

Trimetky luted methyl io alcohol, or, according to the nomenclature 
of Messrs. Eolbe and Boutlerow, 



CffV 

CH 8 

CH 8 / = 
OH/ 


Trimethyl- car binol 


(O 4 H 10 O) 
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Metbyl-diethyl-carbinol . 


Propyl-dimethyl- earbinol 


and Propyl- diethyl-carbinol . 



= (C c H ,4 0) 


c 


C 8 II 7 \ 
C 2 H 6 | 
C 2 II 5 | 
OH / 


(0 S H ,8 0) 


The first of these bodies was obtained by M. Iloutlorow, by causing 
zinc-methyl to act on the chloiide of carbonyl or on the chloride of 
acetyl, and submitting the product thus obtained to the action of wafer. 

In the case of oxychloride of carbon, the reaction takes place in two 
stages : in the first, ail atom of chlorine is replaced by methyl, and 
chloride of acetyl is produced; in the second, two atoms of methyl 
are substituted for the oxygen of the chloride of acetyl and give rise 
to trimethylated chloride of methyl. This chloride, when treated by 
water, exchanges its chlorine for (OH) and is thus transformed into 
trimethyl- earbinol : 


- (a} 2 ”") 


Chloride of 
carbonyl. 


Zinc-methyl. 


Chloride of zinc. 


2nd. 


(°{jf) + (Z}™) - ( z "°) 


Chloride of 
acetyl. 


Zinc-methyl. 


Oxide of 
zinc. 


-• (of) + (S}0) - 


Trimethylated 
chloride of methyl. 


Water. 


+ 



Trimethylated 
chloride of methyl. 



+ 


Hydrochloric 

acid. 


Methyl-diethyl-carbinol is prepared by causing the chloride of 
acetyl to react on zinc-ethyl and saponifying by water the chloride 
obtained : 






CIP\ 

(°{s) + G5M 

= 

(ZnO) 

+ (cj 

<J S H*| 

1 cipI 



l 

[Cl / 


Chloride of 
acetyl. 


Zinc-ethyl. 


Oxide of 
zinc. 


Hydrochloric 
ether of mcthyl- 
diethyl-carUuol. 
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Propyl-dimethyl-carbinol is prepared by treating chloride of butyl 
by zinc-methyl, and saponifying the product of the reaction by water : 



Chloride of Zinc-methyl. Oxide Hydrochloric 

butyl. of zinc. ether of propyl - 

dimethyl-cur binol . 

Finally, propyl-diethyl-carbinol is prepared by an analogous reaction 
to the precoding, substituting zinc-ethyl for zinc-methyl. 

Properties . — Tho properties of tertiary monatomic alcohols have as 
yet been little studied. It is only known that the action exercised on 
them by oxidizing agents clearly distinguishes them from the primary 
and secondary alcohols. 

On being oxidized, tho primary alcohols give an aldehyd and an 
acid; the secondary alcohols under the same conditions furnish an 
acetone. All these derived products contain as many atoms of carbon 
as the alcohol from which they are derived. The tertiary alcohols, on 
the contrary, split up on oxidation, and produce bodies, the molecule of 
which contains less carbon than that of their original alcohol. Thus 
the trimethyl-carbinol is transformed under the influence of oxidants 
into a mixture of formic and propionic acids. 

2(C 4 II ,0 O) + 40* = 2 (Cl !*()*) + 2 (C 3 H e O a ) + 2(H*0) 

Trimetliyl. Oxygon. Formic udd. Propionic add. Water, 

carbiuol. 


B1AT0MIC ALCOHOLS OR GLYCOLS. 

Tho glycols or biatomic alcohols are derived from hydrocarbides by 
the substitution of two atoms of hydroxyl for two atoms of hydrogen : 



Hydride of Ethyl-glycol, 

ethyl. 


Preparation. — T he glycols may be obtained by four processes : 

Fiat Process . — Bromine is made to act on a non-oxygenated or ganic 
radicle which is capable of furnishing a bibromide : this bibromide is 
then treated by acetate of potassium in alooholic solution, or by acetate 
of silver, when a metallic bromide is formed, and eaoh atom of bromine 
is replaced by tbe residue (C ! H*0 11 ) of the ‘acetate. The body thus 
formed is a compound ether which, when saponified by abase, 
a glycol : 



GLYCOLS. 


43H 

1st. = ((WBr*) 

Ethylene. Bromine. Bromide of 

ethylene. 

2 „d.(cW) + 2(°^}o) . s(&}) + (on"{8ggg) 

Bromide of Acetate of silver. Bromide of TMucctic glycol, 

ethylene. silver. 

«■ («1S) + »©o) - ic^o) 

Diacetlc glycol. Potash. Acetate of potassium. 

+ ( CTI '"{oJ!) 

Glycol. 

Although the bromides used in the preparation of the glycols which 
are obtained by direct synthesis, are isomeric, and not identical with 
the bibrominated products of substitution furnished by the saturated 
hydrocarbides, it is possible, in certain particular cases, to substitute 
these bromides for ono another. M. Cavontou has obtained ordinary 
glycol by employing brominated bromide of ethyl (bibrominated hydride 
of ethyl) instead of the bromide of ethylene. 

Second Process. — Hydrogen is substituted for chlorine in the mono- 
chlorhydrins of triatomic alcohols. This substitution takes place by 
the action of nascent hydrogen : 

(«-{!) + 2} - (51) + (™i™) 

Mouochlorhydrin Hydrogen. Hydrochloric l*ropyl-glycol. 

of glycerine. acid. 

Third Process. — A biatomic hydrocarbon radicle is heated with 
hypochlorous acid. Direct combination takes place, and a monochlor- 
hydric ether is obtained, which when submitted to the action of acetate 
of silver, furnishes a monacetic ether. This latter, saponified by potash, 
gives a glycol : 

1st. (on*) + (g}o) = (c’lF'JgJ 1 ) 

Ethylene. Ilypochlorous Mouochlorhydrin 

acid. of glycol. 

**■ + ( c ^( 0 ) - (af|) + ( CTI "'iEi5ii-oJ 

Monochlorhydrin Acetate of silver. Chloride Monastic glycoL 

of glycol. of silver. 

~ («w{8g») + (1} o) - C*S} o) + MS) 

Monacetic glyooL Potash. Acetate of Glycol. 

potassium. 

Pkopkuties. — G lycols agree in most of their properties with monatomic 
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alcohols, but they can undergo those substitutions twice which mona- 
tomic alcohols can only undergo once. 

1st. Action of Oxidizing Agents . — The glycols may lose two or four 
atoms of hydrogen and thereby give rise to two different aldehyds. 
They can also exchange two or four atoms of hydrogen for one or two 
atoms of oxygen and produce two acids : 


2('C s IP0 4 ) 

Glycol. 

+ 

0* = 
Oxygen. 

2(H*0) 

Water. 

+ 

2(C*H 4 0*) 

Aldehyd of the 
first degree. 

(OTTO*; 

Glycol. 

+ 

O' = 

Oxygen. 

2(H a 0) 

Water. 

+ 

(o*n*o*) 

Aldehyd of the 
second degree. 

Glycol. 

+ 

0 s = 
Oxygen. 

(H*0) 

Water. 

+ 

(OTTO 9 ) 

Acid of the 
first degree. 

((j’lro*) 

Glycol. 

+ 

o 4 = 

Oxygen. 

2 (H'O) 

Water, 

+ 

(011*0*) 

Add of the 
second degree. 


Very few aldehyds deiived from the glycols are as yet known, but 
it is probable they will soon bo obtained. 

2nd. Action of Dehydrating Agents . — Dehydrants do not reduce the 
glycols to hydrocarbides, they only subtract a molecule of water from 
them. The product of this dehydration, instead of being the true 
anhydride of glycol, is only an isomer. 

3rd. Action of Alkaline Metals .— Alkaline metals act on glycols in the 
same manner as on monatomic alcohols, that is to say, they displace the 
typical hydrogen of these bodios and are themselves substituted in its 
place. Two products of substitution may be obtained; one containing 
one atom of tho alkaline metal, and another which contains two. On 
treating these metallic derivatives with the liydriodic other of a mon- 
atomic alcohol, the alcoholic ethers of the glycols are obtained : 



Bipotosalc glycol, Iodide of ethyl. Iodide of Diethylene of 

potassium. glycol. 


4th. Boiling point of the Glycols . — The glycols present this siugular 
characteristic, that their boiling point becomes lower as their mole- 
cular complication augments. This anomaly ends with amyl-glycol. 
In the glycols above it, the boiling point rises as usual with the com- 
plication of the molecule. 

5th. Action of Adds . — Oxyacids when heated in closed vessels with 
the glycols give rise to a double decomposition which is exaotly like 
that which takes place with monatomic alcohols. But here, according 
to the quantity of acid employed, either a single acid radicle may be 
substituted for a single atom of hydrogen, when a monacid ether is 
obtained ; or two acid radicles may be substituted for two atoms of 
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hydrogen, and then a biacid or neutral ether is the result. In abiaoid 
ether, the two radicles substituted for the hydrogen may belong to a 
single acid or to two different acids : 



Glycol. 




Monacetiue of 
glycol. 



') + ( C ' H H| °) 

Monacetlne Butyric acid, 

of glycol. 



Butyrn-acetine of 
glycol. 


w 

Water. 


The hydracids act in the same manner as tho oxyacids, that is to 
say, they combine with tho glycols, eliminating water, so that a group 
(HO) in the glycol is replaced by the radicle of tho hydracid. Their 
action, however, does not go beyond this. The ether of the first sub- 
stitution once obtained, it is not possible, however we may prolong the 
operation, to give lise to the formation of a biacid ether : 

( C T}°-) + (SI) ■ (™"'!oh) + (2(o) 

Glycol. Hydrochloric Chlorhydrin. Water. 

• acid. 


The biacid ether which would result from the substitution of an 
atom of a halogen metalloid for the residue (HO) which the monacid 
ether still contains may, however, be obtained. It is prepared by treat- 
ing glycol or its simple monacid ethers by the chlorides, bromides, 
or iodides of phosphorus : 


+ 2(PC1») = 

Glycol. Perchlorido 

of phosphorus. 


xw>+*®D + ra 

Oxychloride Hydrochloric Ltfchlorbydrin. 

of phosphorus. acid. 


The ethers thus obtained are identical with the chlorides, bromides, 
or iodides prepared directly by means of a biatomic radicle and chlo- 
rine, bromine, or iodine. 

6th. Action of Bases on Ethers and Olycols . — The compound ethers of 
the glycols, whether monacid or biacid, are saponified by bases in the 
same manner as the ethers of monatomic ale jhols. This is not the case 
with simple ethers, which, when submitted to the action of powerful 
bases, lose an atom of hydrochloric acid. If the monacid other be 
used, the anhydride of glycol is produced : 

M30 + (?}»)- (2.0 + (2(°) +(««») 

Monochlorbydrlu. J'olabli Chloride of Water. 

pota ssi um. ethylene. 
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7th. Properties of the Anhydrides.— The anhydrides which are formed 
in the preceding reaotion possess remarkable properties, 
a. They can unite with water and reconstitute the glycol : 

(CH'O) + (h*o) = (°*^} °’) 

Oxide of ethylene Water. GlyeoL 

p. They can combine directly with anlmonia, forming products 
which will bo presently studied in detail. (See Ammoniacal Com- 
pounds derived from Biatomic Alcohols). 

y. They can enter into double decomposition with metallic salts 
dissolved in water, in the same way as powerful bases, liberating a 
hydrate of the metal and giving an ether of the glycol : 

2(cn-o) + + !(™]°| 

Oxide of Chloride Water. Hydrate of Monochlorhydrin. 

ethylene. of magnesium. magnesium. 


8. They combine with acids, both hydrated and anhydrous. In the 
first case a monacid other, and in the second a biacid ether is produced : 


OTTO 


V 


Oxide of 
ethylene. 


) + (°’ H n} o) - (™-g} «•) 


Acetic acid. 


Oxide of 
ethylene. 


+ 


/O s H a O 

Uj“n a o 

Acetic anhydride. 


1 °) - 


Monacetic glycol. 

l.(c ! n s O)*f 

Diucetic glycol. 


c. They can also combine with nascent hydrogen, and give the 
monatomic alcohol of the same series : 


(C*H 4 0) + H* = (C a n fl O) 

Oxide of Hydrogen. Alcohol, 

ethylene. 


The transformation of glycol into the alcohol of the same series may 
also be made by means of chlorhydrin. This compound exchanges its 
chlorine directly for hydrogen, and furnishes alcohol. (See Preparation 
of Alcohols). 

& Finally, the anhydrides of glyools unite directly with two atoms 
of bromine, doubling their molecule. The product formed is crystal- 
lized. When agitated with mercury, it gives up its bromine, an d 
there remains the original anhydride doubled : 

2 (0H<°) + . (ggg}]*) 

Oxide of Bromine. Bromide of oxide 

ethylene. ofethlyene. 
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(8S8M + v - (MS) + » 

Bromide of oxide Mercnry. Bibromide of DioxethWene 

of ethylene. mercury. 


These different properties have only been observed in the anhydride 
of ordinary glycol. The anhydrides of the other glycols are known, 
but have not been studied. It appears that they enter into combina- 
tion less readily in proportion as their molecule becomes complicated. 
Thus, according to M. Bauer, the oxide of amylene will not unite with 
water to reconstitute amyl-glycol. 

Condensed Glycols. — We have soen in mineral chemistry that oxy- 
genized compounds containing several atoms of typical hydrogen can 
unite with one another, eliminating (11*0) at each addition of a mole- 
cule of the polyatomic body. 

This fact, examples of which have been given when speaking of 
phosphoric and sulpliurio acids, was first discovered in the glycols, 
where it is presented with great clearness. The condensed glycols 
represent simple glycols to which molecules of anhydrides of glycols 
have been added. 

In order to understand their formation, it must be admitted that two 
molecules of a biatomio alcohol lose, the ono H, and the oilier Oil to 
form water; two monatomic residues are the result, and these unite to 
form a condensed glycol. The oxygen of the residue of tho water 
which has lost its hydrogen serves to unite the two hydrocarbon mole- 
cules. As each condensation is accompanied by the elimination of 
(H*0), the condensed glycols all contain two hydroxyls like the simple 
glycols. 

At present, five products of condensation derived from ordinary 
glycol are known, tho rational formulas of which are as follows : 


cm* 

Glycol. 


JOH 

(OH 


C*H«"|OH 

;o" 

^{OH 

Tetrethylenic glycol 



)0H 

Dietiiylunic glycol. 

C*H 4 " \ 0H 

Iq" 

0" 

0" 

0" 

OH 

Pentethylenic glycol. 


C*H 4 " ] 
Cm 4 "] 
C*H 4 " j 

cm 4 "] 



Tricthyleiiic glycol. 



Hexethylenic glycol. 


Pbepahation of the Condensed Glycols. — Three processes have been 
used to obtain these compounds. 
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First — A simple ether of a glycol is heated in a hermetically-sealed 
tube with the glycol itself. If the ether employed be biacid, it will 
first be transformed into monacid ether on contact with the glycol : 

(«®"{£) + (oh-'{8h) - 2 (™‘" { 5h) 

Bromide of ethylene. Glycol. Monobrombydrln. 

The monacid ether formed then enters into double decomposition 
with the remaining glycol ; a condcnsod alcohol is produced as well 
as hydrobromic acid : 



Monobromliydrin. Glycol. Dietkylenic glycol. Hydro- 

bromic acid. 


The hydrobromic acid reacts on another portion of the glycol, and 
reconstitutes bromliydiin, which, on contact with the condensed al- 
cohol already formed, produces an alcohol of greater condensation : 



Oiethylenic glycol. Monobromliydrin. Trietbylcnic glycol. ' Hydrobromic 

add. 


And tho reaction is thus continued without our being able to assign 
any limit to tho condensation. 

Second Process . — A glycol is heated with its anhydrido for a fortnight. 
The products of condensation then form by direct synthesis : 

( c, g:>) + m ( c*ii 4 o) = ( cs sr>-) 

Glycol, Anhydride 

of glycol. 

• 

Third Process . — The oxide of ethylene is heated with an acid ; a 
compound ether of the simple glycol is first formed, which afterwards 
combines successively with one, two, three, four . . . n molecules of 
the anhydride remaining, and produces compound ethers of the differ- 
ent condensed glycols. These ethers, when saponified by a base, 
give the condensed glycols of which they contain the elements. 

Pbopurtiks. — 1st. All condensed glycols possess the same number of 
atoms of typical hydrogen as the simple alcohol from which they are 
derived, that is to say, two. They act as biatomic alcohols, and give 
an anhydride and two series of ethers. The dioxyethylene ma y be 
regarded as the anhydride of the diethylenic glycol : 

} 0 *) “ (H* 0 ) = (OTTO) 

Glycol. Water. Oxide of 

ethylene. 
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Dietbylenlc glycol. Water. Dioxyetbylene. 


2nd. Like simple glycols, the condensed glycols can exchange 
hydrogen for oxygen, and give rise to acids. Up to the present time 
this property has only been observed in the diethylenic and triethy- 
lenio glycols. In these two cases, four atoms of hydrogen have been 
replaced by two of oxygen : 



Diethylenic glycol. Oxygen. 



Trietbylcnic glycol. Oxygen. 



Diglycnlic acid. 


/C*H 8 0" 

COT 

C‘H 4 " 



Diglycol-cthylenic acid. 


+ 


Water. 

2 (n}°) 

Water. 


These facts appear to demonstrate that, in condensed as in simple 
glycols, the maximum quantity of oxygen which can be substituted for 
hydrogen is two atoms. 

Enumeration of the known Glycols. — Up to tho present timo six 
glycols are know with certainty: These are : 


Ordinary, or ethylglycol . 

C*h*" 

• • • H* 

f° ■ 

Propylglycol 

era 8 " 

• • • ip i 

i 0 ’ 

Butylglycol 

era*" i 

... H* | 

l°‘ 

Amylglycol 

C 5 n i °" ; 

... H * i 

jo- 

Hexylglycol 

C e H 12 " 

... H . 


Octylglycol 

C 8 h i «" 

. . . H . 

(o- 


Besides those, two bodies are known which have the composition of 

hexylglycol jp j O 8 ^. These are, a product derived from allyl, 

and one derived from acetone which is called pinakone ; tho first of 
these bodies is a simple isomer of the true hexylglycol ; pinakone has 
been too little studied for its composition to bo determined with cer- 
tainty. 

There also exists a body which corresponds to the formula (C lo H ao O). 
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This body has been prepared by means of deoylene (C^H* 0 ) by a 
process identical with that which furnishes the lower glycols of the 
series. There is, therefore, reason to believe that, when the molecule 
is sufficiently complicated, the glycols cease to be stable, and therefore 
that only their anhydrides can be obtained. The body (C 10 H*°O) may 
be considered as the anhydride of deoylglycol : 

( C T'}0‘) _ (IPO) = (C ,0 H*°O) 

Decylglycol Water. Oxide of 

(unknown). decylcne. 

( QJJ2" ) \ 

jja [ 0* J cannot, exist in a free state, owing 

to the slight stability of its molecule. When iodide of methylene 
(CH*I a ) is treated with acetate of silver, a diacetic ether of this body 
is produced. But this docs not give mcthylglycol by saponification. 

On causing the oxalate instead of the acetate of silver to act on 
iodide of methylene, a compound is obtained which appears to be to 
the unknown oxide of methylene what dioxyethylene is to the oxide 
of ethylene. This compound has received the name of dioxymethylene, 

and has for formula jo* j. 

The iodide of methylone used for those experiments cannot be 
obtained by the action of iodine on methylene, which does not exist ; 
it is produced in a complex reaction, when ethylate of sodium is 
treated by iodine. 

Action of the Polyatomic Acids on the Glycols. When polyatomic 
acids are mado to act on glycols, these bodies unite, eliminating water, 
and acid compounds are produced, which represent condensed glycols, 
one or mare hydrocarbon radicles of which have given place to one or 
more acid radicles. At a higher temperature these products can still 
lose water and foim anhydrides which, in certain cases, are neutral 
ethers of the glycols : 


(TW +.-rm - (8K-IU + (?}o) 

Glycol. Succinic acid. Sued no- ethy Ionic add. Water. 

= (h}°) + (cm)*} 0 *) 


Sucdno-elliyleuic add. 


Water. 


Succinic glycol. 
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APPENDIX TO THE BIATOMIC ALCOHOLS. 

Anisic .Alcohol. — There exists in aniseed an essence which corre- 
sponds to the formula (C 10 H 12 O). This essence appears to have a con- 
stitution represented by the formula ^C 8 H 4 "|q^j S ^. By oxidation it 

furnishes a compound the formula of which is (C 8 H 8 0 a ), according to 
the equation : 

MS) + 3 (8}) - MIS) + M 1 ) + M 

Essence of aniseed. Oxygen. Anisic aldclivd. Oxalic acid. Water. 

M. Cannizzaro, by submitting this product, which is a true aldehyd, 
to the action of alcoholic solution of potash, has transformed it into an 
alcohol which he named anisic alcohol, and which answers to the 
formula (C 8 n 10 O 2 ). 

This alcohol, though containing two atoms of oxygen like the 
glycols, acts as a monatomic alcohol. But in reality this compound is 
none other than monomethylic ether of the unknown benzylglycol : 

(c e ir°o 2 ) = (c°n 4 "j och* H } 

Anisic alcohol Monomethylic benzylglycol. 

It is thus easily explained why this body can only furnish a single 
series of ethers, as it only contains a single atom of typical hydrogen. 


TRIATOMIC ALCOHOLS OR GLYCERINES. 


Though, in all probability, there corresponds to each monatomic 
alcohol a glycol and a glycerine, only two glycerines are as yet 

/najp//' j \ 

known. One is propylglycerine ( jj, > 0 s J and the other amyl- 
glycerine ( jjs [ 0 3 J. Besides these, M. Wurtz appears to have re- 


(C*H s O) s ] w kich ^ould, perhaps, 
jjs > 0 8 J by saponification. 


Amylio glycerine having been very little studied, all we shall say 
will relate solely to propylglycerine or ordinary glycerine, unless we 
specially indicate the contrary. 

Triatomic alcohols are derived from a fundamental hydrocarbide by 
the substitution of three atoms of hydroxyl for three atoms of hydrogen. 

Preparation. — Ordinary glycerine is produced during the saponifi- 
cation of natural fatty bodies, whioh are ethers ; in order to obtain it 
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pure, this saponification is made by means of oxide of lead and water. 
An insoluble salt of lead is formed, and the liberated glycerine is dis- 
solved. A current of sulphuretted hydrogen is transmitted into the 
solution to precipitate the traces of lead the liquid contains, and it is 
then filtered and evaporated. The glyoerine remains, in the form of a 
syrupy liquid. Very pure glycerine is obtained on a large scale by 
saponifying fatty bodies by superheated steam. Glycerine and fatty 
acids distil. On cooling, the fatty acid, which forms a solid layer 
on the surface of the distilled liquid, is removed, the liquid is evapo- 
rated, and the glycerine remains. 

As yet, glycerine has not been prepared synthetically. It is truo 
that M. Wurtz has been able to reconstitute it by submitting the tri- 
bromide of allyl (C 3 H 5 Br®) to a treatment identical with that which 
furnishes glycol by means of the bromide of ethylene ; but, unfortu- 
nately, tho tribromide of allyl is derived from glycerine itself, and has 
not been otherwise prepared. 

Amylic glycerine is obtained synthetically. The bromido of bro- 
minated amylene, when submitted to the action of acetate of silver, 
gives rise to the diacetic ether of monobrominated amylglycol ; this 
ether, saponified by potash, furnishes monobrominated amylglycol. 
Finally, the monobrominated amylglycol, heated with potash, is trans- 
formed into amylglycorine, and bromide of potassium and water are 
formed : 

-■ ra) + *cso) = *(&}) + «*) 

Bromide of Acetate or silver. Bromide of Brominated diacetic 

brominated amylene. silver. amylglycol. 

+ *©«) - 

Brominated diacetic Potash. Acetate of potassium, 

amylglycol. 

+ ( c ‘ n TH 

Monobrominated amylglycol. 

-■«- rw + $}*) - s,} + (T» 

Monobrominated Hydrulc of Bromide of Amylglycerine. 

amylglycol. potassium. potassium. 

Properties. — Triatomic alcohols are very similar in their properties 
to biatomic alcohols. The chief difference between them is, that where 
the glycols give two derivatives these give three. 

1st. Oxidizing Agents . — Oxidants, on reacting on glycerine, produce 
several' acids. One of them has been studied, and results from the 
substitution of O for H 8 in the radicle ; it is glyceric acid : 

+ 8} - CW + (i}o) 

Glycerine. Oxygen. Glyceric add. Water. 
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It is probable that an aoid resulting from tho substitution of 0 s for 
IP might be obtainod. Analogy appears to indicate that with glyce- 
rines whose radicle contains sufficient hydrogen, such as amyl- 
glycerine for instance, three atoms of oxygon ought to be ablo to be 
substituted for six atoms of hydrogen. 

Such a substitution would only, however, be possible in the se- 
condary and tertiary glycerines; primaiy glycerines, the only ones 
known, result from tho substitution of 30H for 3H in a hydrocarbidc. 
Of these three OPT, the two at the extremities have two atoms of 
hydrogen near them, and that in the centre has only one, as the 
following formula shows : 

r 0H 

Yep 

te" 

hr 

L on 

Thus, as acids result from tho substitution of O for IP near the 
hydroxyl, this substitution would be possible in the two outer atoms 
but not in tho middle one, and two acids only could be obtainod with 
glycerine : 

n 0H n OIT 

YO" Y°" 

(i° n . and J° H 

$ <lo” 

°OH l, 0H 


This would no longor bo tho case with a tertiary glycerine : 


(C^n'W) = 0" 


f(ol H ) 

HS?) 

IMS?) 


Hero the threo atoms of hydroxyl having H* near them, tho substi- 
tution of O for IP could take place three times, and tho triatomic 


and tribasic acid 


W) 

H8?) 

HP 


would be possible. 
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No glyceric aldehyd is known as yet. 

2nd. Dehydrating Agents.— When glycerine is heated with a body 
having great affinity for water, it loses 2(H®0) and a liquid distils, 
which is acrolein, and the formula of which is (CTEPO). Aorolein 
ought to he classed with the aldehyds, and not in the glycerine series. 

3rd. Action of Alkaline Metals. — When a piece of sodium is placed in 
glycerine, hydrogen is disengaged, but the mass soon becomes pasty, 
and all reaction is arrested. It is probable that if, by means of a sol- 
vent, the mass could be rendered more fluid, it would be possible to 
substitute one, two, or three atoms of sodium for one, two, or three 
atoms of hydrogen. In effecting this the solvent ought, of course, to 
exercise no action on the alkaline metal. 

4th. Action of Bases. — Bases combine directly with glycerine, but 
the compounds appear to have more relation to those resulting from 
the union of the water of crystallization with a salt, than to true atomic 
combinations. 

5th. Actions of Monatomic Oxy acids. — When quantities of glycerine 
and of a monatomic acid, respectively proportional to the molecular 
weights of these bodies, are heated in a closed vessel, a double decom- 
position takes place ; one atom of hydrogen is replaced by the radicle 
of the acid used, and a monacid compound ether of glycerine is 
produced : 

- (<*«>} <”) + ( 5 } °) 

Glycerin!?. Benzoic acid. Monobenzoate of Water. 

glycerine. 


If the monacid ether he heated with another quantity of the same 
acid, or with an equivalent quantity of a different acid, a biacid ether 
is produced by a reaction identical with the preceding : 



Monobenzoicin. Acetic add. Aceto-benzoidn. Water. 


Finally, these ethers of the second degree, when heated a third time 
with a fresh proportion of acid, furnish ethers of three acid radicles. 



Aceto-benzoicln. Butyric acid. Ace to-bu tyro- Water. 

benzolcin. 


The triacid ethers may be heated indefinitely with new proportions 
of acid without giving rise to any double decomposition. Glycerine 
therefore contains only three atoms of typical hydrogen. 
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In these reactions it is always necessary to recommence the opera- 
tion several times. A biacid ether of glycerine could not be prepared 
by heating directly a molecule of glycerine with two molecules of a 
monatomic acid. In order to succeed, the monacid ether must first be 
prepared and then treated with a fresh quantity of acid. 

6th. Action of Alcohols. — Alcohols do not act on glycerine ; but if the 
hydrobromic ether of a monatomic alcohol bo heated with a glyceric 
solution of potash, the replacement of a part of the typical hydrogen 
of the glycerine by an alcohol radicle takes place : a method will pre- 
sently be described by which these products may be prepared with 
much greater certainty. 

7th. Action of Hydracids. — Like oxyacids, the hydracids enter into 
double decomposition with glycerine ; their radicle is substituted for 
the group HO in this alcohol. As glycerine contains three atoms 
of hydroxyl, it may be conceived that such a substitution can be pro- 
duced three times. Nevertheless, by the action of hydrochloric or 
hydrobromic acids on glycerine, it has never been possiblo to substi- 
tute the chlorine or bromine for the residue (HO) more than twice. 

Hydriodic acid, instead of giving a normal ether like its congeners, 
gives rise to a product of condensation the formula of which is 
(CTEFO 8 ). This product, may be considered as the moniodhydrin of 
the first anhydride of di glyceric alcohol : 


i I OIT\ / n „ 1 

c’H 5 '" { oh\ Icm*" j°„ 
p"" 1 on 


. Diglycpric alcohol. 


1st anhydride of 
diglyceric alcohol. 


/c’H 5 "' )g;; \ 

Up* { OH " ^" r0 *) 

v V ' 

Moniodhydrin of the 1st anhydride of 
diglyceric alcohol. 


8th. Actions of the Chlorides and Bromides of Phosphorus. — In acting 
on glycerine, the perchloride and porbromide of phosphorus produce 
the same bodies as the corresponding hydracids, but their action 
extends further. Instead of stopping at the production of dichlorhy- 
drin or dibromhydrin, they transform these latter bodies into trichlor- 
hydrin and tribromhydrin : 


(ow"' joi H ) + (iw) , (rcro) + 

Dichlorhydrln. 


Perchloride 
of phosphorua 


Oxychloride 
of phosphorus. 


Trichlorhydrin. 


Hydrochloric 
acid. 


Among the ethers of glycerine just considered, there are some which 
exist native. These are the ethers with three acid radicles, derived 
from the oxyaoids whose molecules have a certain degree of complica- 
tion. Such are the ethers of oleic, stearic, margaric, palmitic, and 
other acids which have received the name of neutral fatty bodies. 
The natural neutral fats are identical with the artificial ones. 

2 g 2 
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9th. Actum of Iodide of Phosphorus . — Iodide of phosphorus, acting 
on glycerine, gives rise to a reaction which is entirely different from 
that produced by its congeners : iodine is liberated and hydriodic ether 
of a non-saturated monatomic alcohol is formed, which contains the 
same radicle (C 8 H 5 ) as glycerine. The formula of the iodide thus 
produced is therefore (C a H 5 I) ; it is called iodide of allyl, and the 
alcohol to which it corresponds, allylic alcohol.* 

When boiled with a mixture of mercury and hydrochloric acid, the 
iodide of allyl gives propylene, exchanging its atom of iodine for an 
atom of hydrogen : 

2 (cifj) + 2$}) + ang" . (%}) + ("$}) + 2(en-) 

Iodide of allyl. Hydrochloric Mercury. llluiodidc Bichloride Propylene, 

acid. of mercury. of mercury. 


Submitted to the action of oxalato of silver, iodido of allyl gives rise 
to a double decomposition represented by the following equation : 



Iodide of 
allyl. 



Oxidate of silver. 


«o-) - «(*f}) 

Oxalate of allyl. Iodide of 

silver. 


Tlio oxalate of allyl thus produced, decomposes when treated by 
ammonia, forming oxamido and allylic alcohol : 

(<&}*) + *H - (TH + *(°?}«>) 

Oxalate of allyl. Ammonia. Oxamide. Allylic alcohol. 


Finally, bromine displaces the iodine which the iodido of allyl con- 
tains and transforms this body into torbromido of allyl (CTPBr 3 ). Tt 
is by means of this tribromide of allyl that M. Wurtz has re-formed 
glycerine. 

Glycide. — When potash is mado to act on glycoric dichlorhydrin, a 
molecule of hydrochloric acid is eliminated, and a product remains to 
which M. Berthelot gave the name of cpichlorhydrin. M. Roboul has 
shown that this product ought to be considered as tho hydrochloric other 
of a first anhydride of glycerine, unknown in tho free state and acting as 
an alcohol. To this unknown anhydride he gave the name of glycide : 


^cra 5 '" | OH^ ^C 3 H 5 "' | ^ CTP0C1 ^ 


Glycerine. 


1st glyceric anhydride 
(glycide). 


Hydrochloric ether of the glycide. 


The reaction which gives rise to the hydrochloric glycide is repre- 
sented by the following equation : 


* Allylic alcohol, because the essence of garlic is tho sulphide of allyl. 
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(cti- || H j + (l } oj , (cti- j S’! + (g } o) + |) 

Dichlorhydrin. Potash. Hydrochloric glycldc. Water. Chloride 

of potassium. 

On substituting dibromhydrin for dichlorhydrin in the preceding 
preparation, the hydrobromic glycido (C B H 8 BrO) would be obtained. 
The ethers of glycide have always a tendency to return to the type of 
the glycerine whence they are derived. 

Action of Hydracids. — The hydracids combine directly with hydro- 
chloric glycide, forming a simple ether of glycerine having two halogen 
identical or different radicles : 


(C 8 H 5 OCl) + (II Br) = (COTBrCIO) 

Hydrochloric Hydrobromic ilydrochlorobrombydrln 

glycide. ucid. otglycerine. 

When heated with dry iodide of potassium, tho hydrochloric glycide 
produces a hydriodic glycido : 

(ctpcio) + (“}) . {*}) + (cii'io) 

Hydrochloric iodide of Chloride of Hydriodic 

glycide. potassium. potassium. glycide. 


This latter bod}'', on uniting directly with hydriodic acid, gives rise 
to glyceric di-iodhydrin, which, as has been already seen, can be 
obtained by no othor process. 

Tlio simple others of glycerine which are obtained by tho action of 
the hydracids on cpichlorhydrin or epibromhydrin re-form these bodies 
by tho action of potash. 

Action of 0xyacid8 . — Oxyacids also unite with epichlorhydrin, but the 
action requires to be assisted by heat. In this case a mixed ether is 
formod, as tho following equation shows : 


(ctoci) + (c 2 n 4 o a ; 

Epichlorhydrin. Acetic ucid. 


(C'H'CIO 3 ) 


-(• 


{ 0C"I1 3 0\ 

cm*" tea 

| Oil 


) 


Aceto-hydrochloric glycerine. 


Action of Hypochlorous Acid . — When hypochlorous acid acts on epi- 
chlorhydrin, tlie ether produced is a dichlorhydrin, not of glycerine, 
but of a tetratomic alcohol of the same series : 


(o^loO + (2f°) 

Epichlorhydrin. Hypochlorous add. 


( CTI 4 *'- 


Dichlorhydrin of 
propyl-phydte. 


Action of Alcohols. — The different alcohols are also capable of uniting 
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with epichlorhydrin or epibromhydrin, producing glyceric hydroohloro- 
or hydrobromo-alcoholic ethers : 

(ow"{S) + (T}°) - HF) 

Epichlorhydrin. Alcohol. Ethylchlorhydrln. 

Treated by alkalies, these latter ethers lose a molecule of hydro- 
chloric or hydrobromic acid and leave an alcoholic ether of glycide : 

HisH + (»}°) ■ hw + (?}°) 

Ethylchlorhydrln. i'otash. Ethylic glycide. Water. 

+ ( ci }) 

Chloride of 
potassium. 

These new products can, in their turn, combine with the alcohols to 
form glyceric ethers which contain two radicles either of one mona- 
tomic alcohol or of two different monatomic alcohols : 

(<™1oon») + (T} 0 ) - (<™“"{oT) 

Et hylic glycide. Alcohol. Diethyl-glycerine. 

Action of Water. — Water is fixed directly by epichlorhydrin, and 
produces monohydrochloric glycerine : 

5J) + (H'O) = ^C“H 6 "'| OH j 

Epichlorhydrin. Water. Monochlorhydrin. 

On reviewing these preceding reactions, it will be seen that a first 
anhydride corresponds to glycerine, from which it differs by (H*0). 
While glycerine constitutes a triatomic alcohol, this first anhydride 
acts as a monatomic alcohol, of which all the derivatives have a ten- 
dency to return to the grouping of glycerine. 

By the side of epichlorhydrin, M. Berthelot, and afterwards M. 
fteboul, have placed another body (CTFCP), obtained by the action of 
potash on trichlorhydrin (C a H c Cl 8 ). Though this body, which differs 
from trichlorhydrin by (HC1), can return to its original state by com- 
bining with hydrochloric acid, it does not appear logical to regard it 
as belonging to the same grouping as glycerine. 

It is the same with the body M. Berthelot has described under the 
name of hemibromhydrin, and which is represented by the formula 
(C # IIBrO‘). 

Condensed Glycerines. — Two, three, . . . n atoms of glycerine may 
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unite to form a single molecule, losing one, two, . . . »— 1 molecules of 
water. The compounds which form contain a greater number of atoms 
of typical hydrogen than their generators, and consequently they 
constitute alcohols of greater atomicity : 



Glycerine. Glycerine. Water. Diglyceric ulcoiiol. 



Diglyceric alcohol. Glycerine. Water. Triglyceric alcohol. 


Mode of Preparation. — These bodies have only as yet been ob- 
tained by a single process, which consists in heating a mixture of mono- 
and di-chlorhydrin with glycerine. The dichlorhydrin is first trans- 
formed into monochlorhydrin, which, on reacting on glycerine, gives 
condensed alcohols. This reaction is identical with that which fur- 
nishes condensed glycols when the bromide of ethylene acts on 
glycol : 



Monochlorhydrin. Glycerine. Hydrochloric Diglyceric alcohol. 

acid. 


The hydrochloric acid formed converts a fresh quantity of glycerine 
into monochlorhydrin, which, on contact with the diglyceric alcohol, 
produces triglyceric alcohol, and so on. 

Polyglyceric alcohols ought to be separated from each other by 
fractional distillation in vacuo. 

Properties , — The properties of the polyglyceric alcohols have been 
very little studied. It cannot, however, be doubted that they are true 
alcohols capable of being etherified. In fact, in the process used for 
their preparation, mono- and bi-hydrochloric ethers of diglyceric alcohol 
are also obtained. Under the influence of potash, monohydrochloric 
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ether loses hydrochloric acid, and a first anhydride of diglyoerio 
alcohol is produced : 


1 

r OH' 

\\ 

l C 8 H fi '" 

{ OH 

!\ 


0" 

► 1 

\ CTEF'" 

| OH 

lei 

if 

Diglycoric 

monochlorliydrin. 



®}°) 

- ( 

50 - 

( 51 °) 

Hydrate of 

Chloride of 

Water. 

potassium. 

potassium. 



1 0"<M 



/ c s H s '" 

OH 




0" 



\ ctf" • 

OH 

1 -O 1 




-o / 


1st diglyccric anhydride. 


It has already been seen that M. Berthelot’s anomalous iodhydrin 
represents the monohydriodic ether of this anhydride acting as an 
alcohol. This iodhydrin, treated by potash, loses (III) and leaves the 

oxide of glyceryl ( (4jp'" [ O 3 ), which may be regarded as the second 
diglycoric anhydride. 

Thus while in the glycol series a single anhydride corresponds to 
each condonsed glycol, the different condensed glycerines, boing fill 
biatomic, have several corresponding anhydrides. 

It is a remarkable fact that in glycols, as in glycerines, the first 
anhydrides, derived either from the simple alcohol, or from the dif- 
erent products of condensation this forms, are polymers of each 
other. 


(ctl-{ p 

Glycol. 



Dicthylenlc glycol. 


Glycols. 

(c*eto) 

Anhydride 
of glycol. 

(g£}») - (OTO) 


Anhydride of dicthylenlc glycol. 


( C*H 4 " 
C*H 4 " 
C*H‘" 



Trie thy Ionic glycol. 


J crj = 


Trio thy leuic anhydride. 
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/ ( OH\ 

Glycerines. 

✓ 

irv' \ 

00 

1 


ioh; - 


Glycerine. 

iOir 

[cif"! onj 
0 

i oti 
IohJ 

lUglycerlc alcohol. 


aiyddc. 


t ( Cl" 

CH*'"] X 

."Hay • , "™’ 

V v 1 “ 

1st diglycuric anhydride. 


/ 

OHl 


'CHF'" 

Oil 

0 


C 3 H 5 "' 

ir 

► 

CTF'"] 

ion 


1 

i OHj 

1 


Triglyccric ulcohol. 


' C 3 n 5"'{0" \ 

c s if"'{^ h | = (cirv) 

v ' 

1st triglyceric anhydride. 


When speaking of phosphoric acid we have seen that this acid cau 
give rise to condonsed products, to each of which a first anhydride, 
polymer of the first phosphoric anhydride, corresponds. The discovery 
of the condensed glycols and glycerines first threw light on these 
mineral compounds, the comprehension of which was difficult, and 
whose real constitution could only he determined by analogy. 

Glyceric Compounds of Polybasic Acids. — When glycerine is treated 
by a polybasic acid, the two bodies unite, eliminating water. The 
products formed belong to a moro condensed type than each of their 
generators, and possess acid properties. They are products of con- 
densation. 

Characters of ordinary Glycerine. — Ordinary glycerine, when con- 
centrated in vacuo, forms a thick, colourless, inodorous liquid of a 
sweet taste ; it attracts the moisture of the atmosphere. Its density is 
1-26 at 15°’5; it is soluble in water and alcohol in all proportions, 
and insoluble in ether. It dissolves the deliquescent salts, several 
metallic sulphates, chlorides, and nitrates, and the oxide of lead. 

When left at a temperature of from 20° to 30° with water and malt 
yeast, glycerine undergoes a kind of fermentation in which propionic 
acid is produced, as well as a little aoetic and formic acids, and a 
small quantity of gas. 

When heated with oxalic acid dissolved in water, glycerine causes 
this body to split up into formic acid and carbonic anhydride, without 
taking part in the reaction except by its presence ; the same quantity 
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of glycerine serving indefinitely for the division of any quantity of 
oxalic acid : 

CT'W - (°™|°) + <°°-> 

Oxalic acid. Formic acid. Carbonic 

anhydride. 


NOMENCLATURE OF ETHERS, GLYCOLS, AND 
GLYCERINE. 

The nomenclature adopted for these ethers is very simple. The 
name glycol or glycerine is preceded by that of the acid of which the 
ether contains the radicle, the syllables mono , di 9 tri , being placed 
before this latter name, in order to indicate the degree of substitution. 
Sometimes the termination ic of the acid is replaced by tw, and the 
name thus formed follows that of the alcohol. The generic name 
formed by means of the acid ought to be preceded by the syllables 
mono , di, tri, to indicate whether tho ether is mono, di, or tri-acid. Thus 
we say diacetic glycol, or diacetin of glycol ; trihydrochlorio glycerine, 
or glyceric trichlorhydrin. 

If several acid radicles enter into the constitution of an ether, a 
compound name should be formed from the two acids. Thus aceto- 
benzoate of glycol, glyceric hydrocliloro-bromhydrin. When the 
ether contains an alcohol radicle, the name of this radicle is sometimes 
placed before that of the polyatomic alcohol, so as to unite these two 
names into one. For example, we may say glyceric diethylin, di- 
ethylic glycerine, or diethyl-glycerine. 

TETRATOMIC ALCOHOLS. 

At present only two tetratomic alcohols are known. These are 
erythrite (OH lo 0 4 ), and propylphycite (C 3 H 8 0 4 ). To these, perhaps, 
meconine (0°H I0 0 4 ) may hereafter be added. 

Erythrite is derived from the fundamental hydrocarbide (C 4 H 10 ), as 
are also butylic alcohol and butyl-glycol, from which it only differs 
by the quantity of oxygen it contains. Its true formula has been 
determined by M. do Luynes, who, by submitting it to the action of 
hydriodic acid, has transformed it into a compound which is an isomer 
of iodide of butyl (OH 9 !), thereby showing that erythrite contains 
4 atoms of carbon and 10 of hydrogen : 

(CW) + 7(f}) = 4 (jj | o) + (Cm’I) + 3 (j |) 

Erythrite. Hydriodic Water. Hydriodate Iodine, 

acid. of butylene. 

U. Berthelot has observed that erythrite combines directly with 
acids, eliminating water, like the alcohols ; and he has given the name 
of erythrides to the ethers formed. 
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If it be considered that in all the series in which several alcohols of 
different atomicity are known, their oxygen increases in proportion to 
their atomicity, so that the atomicity is always equal to the number of 
atoms of oxygen, the atomicity of erythrito must be 4. Erythrite is 
therefore the tetratomio alcohol of a series already containing an 
alcohol and a glycol, but of which the glycerine is still wanting. 


(C 4 H lfl O) (C 4 H l0 O a ) (C 4 H l0 O 3 ) (C 4 H l0 O 4 ) 

Butylic Butyl-glycol. Butyl-glycerine Erythrite. 

alcohol. (unknown). 


When submitted to the oxidizing action of platinum black, erythrite 
gives an acid which has not yet been studied. 

Propyl-phycite has been obtained synthetically by M. Carius, who 
combined epichlorhydrin with hypochlorous acid, and thence obtained 
a dichlorhydrin of propyl-phycite. 

This dichlorhydrin, treated by acetate of silver, furnishes a diacetate 
of the same alcohol from which propyl-phycite has been prepared by 
saponification. 

“ ( WH -{a) + (h}°) - 

Epichlorhydrin. Hypochlorous Dichlorhydrin of 

acid. propyl-phycite. 


2nd 



Dichlorhydrin of 
propyl-phycite. 



Acetate of silver. 


+ 


| OCTPO \ 

cm 4 " | oh H *° 


(OH 

Diacetic propyl-phycite. 


Kef!) 

Chloride of 
silver. 


3rd ^C-H 4 "! 


OCH'O \ 
OC’ffO I 
OH 

OH ) 

Diacetic propyl-phycite. 


+ 2 


(f}°) 


Potassic hydrate. 


OH\ 
OH l 
OH 
OH/ 

Propyl*phyclte. 


CH 4 " 


Acetate of potassium. 
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PENTATOMIC ALCOHOLS. 

No pentatomic alcohol is as yet known with cortainty. Rut there 
exist two isomeric bodies, pinito and quercite, which may supply this 
deficiency. r nie formula of these two compounds is and 

M. Rerthelot has demonstrated that they act as alcohols. Considering 
that they contain f> atoms of oxygen, they may be regarded as penta- 
tomic alcohols. 

Nevertheless, it must be observed that if our supposition be correct, 
2 >inito and quercite would constitute saturated or non-saturated al- 
cohols, isologucs of the unknown alcohol (C®H H 0 5 ). Jf such an alcohol 
were submitted to the action of oxidants, it ought to furnish a first 
aldehyd (O'TP'CP). 

Moroover, alcohols may give rise to a number of aldehyds equal to 
tlie number of their atomicity ; and the last, the least hydrogenized of 
these aldehyds, alone ought to have entirely lust the characteristics of 
an alcohol. Tlie others probably have both alcoholic and aldehydic 
properties ; the first of these properties predominating in the first 
products of oxidation, the latte]' properties in the last. 

If therefore the first aldehyd (C'TPO*) of the unknown pontatomic 
alcohol (C°JI I4 ( ) 5 ) were obtained, it would act as a totratomic alcohol. 

Is pin it e the first aldeliyd of the unknown alcohol (0 6 H U 0 5 ), or is it 
an alcohol isologous with the first? It is impossible to decide this 
question. Nevertheless, if pinitc and quercite are non-saturated 
bodies, they might be transformed into the unknown alcohol (0 6 1I I4 0 5 ) 
by tlie action of nascent hydrogen. It would then bo seen whether 
this alcohol re-formed the body by oxidation or not. If the regenera- 
tion took place, the aldehydic nature of pinito and quercite would bo 
decided; it not, these bodies might be regarded simply as pentatomic 
alcohols : an alcohol always gives aldehyds by oxidation, but never 
other alcohols isologous with the first. 


HEX ATOMIC ALCOHOLS. 

Two isomeric bodies arc known, mannite and dulcito (C“II 14 O fi ), which 
act as saturated liexatomie alcohols and give rise to two parallel 
series of compounds. Resides these, several isomeric bodies arc known 
corresponding to flic formula (C°H I2 O c ), which appear to act as liexatomie 
alcohols, or i>erliaps as aldehyds of the first degree, derived from satu- 
rated hexatomic alcohols by the loss of II 2 . They are the glucoses. 
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SATURATED HEXATOMIC ALCOHOLS. 

Pkkpauation. — These bodies have not Leon prepared synthetically. 
They are extracted from vegetable products, and one of them, maim i to, 
is formed when glucose is submitted to the action of nascent hydrogen. 

PnoPKRTiMs. — 1st. Action of Heat. — Under the influence of heat, 
these alcohols lose a molecule of water, and are transformed into a first 
anhydride, of a syrupy consistence : 

(CM[ ,, o ,: ) = (n-o) 4 - (u' ; ir*o r ‘) 

Dulcitc. W.-iter. Dulcitanc. 

2nd. Action of Oxidants . — Powerful oxidants destroy the molecule of 
these bodies and cause the formation of oxalic acid. When thov are 
less active they give rise to acids, which are derived from these alcohols 
by the substitution of one or more atoms of oxygen for two atoms of 
hydrogen or a multiple of two of these atoms. Under Ihe influence of 
platinum black, the aqueous solution of mannitc has been transformed 
into maimitic acid, the formula of which is (< ) 7 ), and into a sac- 

charine compound, mannitose, corresponding to the formula (C ,; IT ,h O' ! ). 

Dilute nitric acid converts mannitc into an acid which appears to bo 
analogous or identical with saccharic acid ((TIPW), and it converts 
dulcitc into an isomer of this acid, inucic acid. 


to 

a f 

+ 8} ■ 

2 (l"TC ,a O c J 

+ 

2 (;im) 

Munnite. 

Oxygen. 

M aim i lost!. 


Water. 


) + of = 


+ 

(iro) 

Maunlte. 

Oxygen. 

Mannitic- acid. 


Water. 

(OTPO") 

+ «(8}) - 

(cii'w) 

+ 


Mannitc. 

Oxygen. 

Saccharic acid. 


Water. 

( rj fcrj 

+ *©) - 

(two*) 

+ 

2(n s ()) 

DulciU*. 

Oxygen. 

Mucic acid. 


Water. 


The transformation of mannito into mam li tic and saccharic acids, and 
that of did cite into niucic acid, is entirely analogous to the transforma- 
tion of glycol into glycolic and oxalic acids. 

3rd. Action of Monatomic Acids , — At 100° these alcohols do not absorb 
gaseous hydrochloric acid, but if the acid be in concentrated aqueous 
solution, they combine with it, eliminating water and giving rise to a 
neutral compound. 

With acetic, butyric, valeric, benzoic, and other acids, at a tempera- 
ture of 250°, neutral compounds are also produced with elimination of 
wator. 

These different compounds arc analogous to the simple and compound 
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ethers of the other alcohols, and particularly of glycerine. M. Berthelot 
calls these bodies mannitanidos or dulcitanides, according as they are 
derived from mannito or dulcite. 

Monohydrated nitric acid converts mannite into liexanitric mannite 



4tli. Action of Polybasic Acids . — Polybasic acids act on these alcohols 
in the same manner as on glycerine or glycols, that is to say, they 
produce condensed compounds which possess acid properties. Thus 
with mannite and tartaric acid manni tartaric acid is obtained. 



("WO*" 


(OH) 2 

O" 


CT1*0* ,V \ (OTT)* 
O” 

C 4 TF0 2,v (° TI ) a 
O" 

r 4 TT 2 0- ,T (Oil) 8 
O" 

r 4 ii-o 8 'v (oh ) 2 
[()” 

CTl* O tt,v ] (OTI ) s 




f>th. Action of ITydr iodic Acid. — Hydriodic acid with the aid of heat 
transforms mannite into hydriodate of hexylene, producing water and 
a deposit of iodine : 

(C-TL-O") + ll( T Jj) - ( ( "TT"J ) + ;,({[) + 0(2} O) 

Mnnnlfc. Hydriodic acid. Ilydriotlafr of Iodine. Water. 

hexylene. 

This reaction, discovered by MM. Wanklyn and Erlenmeyer, lias 
definitely established the formula of mannite. 

Oth. Action of Alcohols. — Monatomic alcohols do not act directly on 
mannite and dulcite, but, if their hydrobromic ether be heated in a 
hermetically- sealed tube with mannite, water, and potash, an alcoholic 
ether of mannito is produced. It is thus that M. Berthelot has pre- 
/ fJ 8 ll 8rl ] \ 

pared the compound I (OTP)* } O'), which he derives from mannitane. 

V n-1 / 

7th. Action of Bases . — Bases combine in all proportions with mannito 
and dulcite, as with the other alcohols. 

Saponification of Mannitanides and Dulcitanides. — Theso ethers, 
when treated with bases, do not rc-form the hexatomic radicle from which 
they are derived, but its first anhydride. Mannitanidos give mannitane 
(C°H 12 0 5 ), and dulcitanides give dulcitano. In an experiment on 
butyric mannite, M. Berthelot has obtained a second mannitic anhy- 
dride, which he calls mannide. 
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Heated with acids, mannitane and dulcitane re-form the original 
mannitanides and dulcitanides. It appears to be the same with 
m annide. 

Remarks on the foregoing Facts. — From the fact of the production 
of mannitane by the saponification of mannitanides, and the production 
of mannitanides by means of mannitane, M. Berthclot concludes that 
mannito is not an alcohol ; that the alcoholic properties arc contained 
in mannitane ; and he assigns to this latter body an atomicity equal 
to six. 

We cannot accept this view. It cannot be doubted that mannitane 
is an alcohol, as wo have seen that the alcoholic anhydrides retain the 
functions of the bodies whenco tliej' are derived, when they still con- 
tain typical hydrogen. But the true and fundamental alcohol is 
mannite; it has an atomicity equal to (5, as is demonstrated by its six 
atoms of oxygen, as well as by the fact of the possible substitution of 
six times the group (XO v ) lor (511 in liexanitric mannite. 

Mannitane is only an anhydride, which possesses two atoms of 
typical hydrogen less than its generator, and which ought to act as a 
tctratomic alcohol. 

This theory accounts for the facts as well as that of M. Berthclot, 
and it has moreover the great advantage of not disagreeing with the 
laws observed in the other alcoholic scries. 

The study of condensed alcohols has shown that, in proportion as the 
molecules become complicated, the fundamental compounds have less 
stability, and anhydrides have greater tendency to be produced. Thus 
ordinary glycol has such stability that it is obtained by the action of 
oxide of ethylene on water. 1 )ecy 1-glycol, on the contrary, is so 
unstable that in the saponification of its ethers it decomposes, and 
simply furnishes an anhydride. 

Applying these remarks to mannite, the facts become developed with 
great clearness. When mannite is heated with an acid, a hcxatomic 
ether is produced. If this ether he saponified, the mannite group not 
having sufficient stability to resist tho molecular shock, only an anhy- 
dride of this alcohol, mannitane or mannidc, is obtained. 

If this anhydride be heated with an acid, it is first saturated, uniting 
with a number of molecules of the hydrated acid equivalent to the 
number of molecules of water by which it differs from mannite. 
Mannitane therefore unites to one, and mannidc to two acid molecules. 
This first reaction gives rise, according to the anhydride employed, to 
a mono- or bi-acid ether of mannite ; it is analogous to that produced when 
oxide of ethylene or epiclilorhydrin is submitted to the action of acids. 

Mannitic ether when formed may, by an ulterior etherifyiug action, be 
transformed into mannito containing two, three, ... six acid residues. 

The only objection M. Berthelot can oppose to this interpretation 
of the facts is that, on analyzing the compounds of which we speak, 
they do not answer to the formula of a hexacid mannite, but, on the 
contrary, they answer to that of a hexacid ether of mannitane. 
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M. Berthelot seeks to establish that, between the composition of a hex- 
acid ether of mannito and of a hexacid ether of mannitane, thero is a 
greater difference than could result from a mere error of analysis. This 
fact would be conclusive if wo could be perfectly sure of the purity of 
the product analyzed. But as, after all, mannitane can act as a tetra- 
tomic alcohol, inasmuch as it contains four atoms of typical hydrogen, 
there may also be mixtures of mannitic and mannitanic ethers which 
analysis is unable to determine ; and it; is probable that when mannito 
is heated to 200° with an acid, the portion of this sugar which does not 
enter into reaction is transformed into mannitane, and that this anhy- 
dride combines with the mannitic oilier already produced, forming 
condensed compounds which again serve to increase tho confusion. It 
is still more probable that such a phenomenon is produced when man- 
nitano is directly heated with an acid. 

To sum up, wo regard mannite as a hcxatomic alcohol, and manni- 
tane as an anhydride which can act as a tctratomic alcohol, hut which 
has a greater tendency to combine with acids without eliminating 
water to re-form a monacal ether of the alcohol whence it was formed. 

The oxidation of mannito serves to support our interpretation. If it 
ho mannilane that acts as alcohol, the first acid of this alcohol would 
have ((/IP'O'’) for formula, and the second ((■ r, IT >! 0 7 j, as the two fol- 
lowing equations indicate : 

(O f ‘H 12 O ft ) + O* r: (TPO) + ((V-IPW) 

Mannitane. Oxygon. Wat it. 1st arid. 

(OTi'W) + o 4 = 2(n , 0) + ((Taro 7 ) 

Mannitane. Oxygon. Water. ‘2ml acid. 

If, on the contrary, it be mannito which acts as alcohol, the two 
first acids which would he derived by oxidation would have fer formula) 
(C'TI l2 0 7 )*and (C’lI'W), as the following equations show : 

(c ( ii u (y) + o° : - (it 2 (>) + arirw) 

Mannite. Oxygon, Water. 1st acid. 

(f" , U"(r) + O' -- 2(11*0) + (C! r -JJ ,0 0 H ) 

DliiTiTilt< > . Oxygon. Wator. 2nd acid. 

Tho acid ((7TI 18 0 7 ) is none other than the mannitic acid obtained by 
M. Comp Bosanez by oxidizing mamiitc by platinum black, and tho 
acid (( 1,, H 10 o s ) is the saccharic acid which is obtained when mannito is 
oxidized by nitric acid. 

GLUCOSES. 

Besides mannite and dulcite, wo have said that there exists a class of 
isomeric bodies known under the name of glucoses, and corresponding 
to tho formula (C r, II 12 0 6 ). These bodies can combine with acids like 
mannite, but what is thoir atomicity? Aro they hexatomic alcohols 
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isolognes of mannito as their six atoms of oxygon appear to indicate ? 
Are they not rather aldchyds derived from mannito and duleite, and 
acting as alcohols with an atomicity of 5 ? 

M. Berthelojj asks those two questions without solving them, hut 
we believe that a solution may ho arrived at. 

M. Linnemann has discovered that ordinary glucose absorbs nascent 
hydrogen, and is transformed into mannito. This body cannot there- 
fore be considered as a hex atomic alcohol derived from a saturated 
hydrocarbidc (<! ,J H 12 ). J bit we have seen that a noil-saturated hydro- 
carbide can give derivatives of the same degree of saturation as itself. 
Hence glucose may be a non-satu rated alcohol as well as an aldchyd, 
and Limiemann’s experiment throws no light on thisjpoint. 

But. as yet we know no instance of an alcohol which, on oxidizing, 
loses hydrogen and gives rise to a new alcohol isologous with the first. 
In this case it is always an aldeliyd which is formed. M. Comp Besanez 
has obtained a glucose by the oxidation of mannito, and this react ion 
gives great weight to the opinion that glucoses are aldchyds of the first 
degree. 

The following is anothor proof: glucose is transformed into sac- 
charic acid by oxidants, and this oxidation can only be explained by 
admitting that tin’s body is an aldeliyd, when we can understand that, 
it can fix an atom of oxygen before undergoing a new substitution. 

In relation to the question whether they be glucoses or their first 
anhydrides, tlie glncosanes ((V l ll , 0 O ft ), which act as alcohols, we 
might repeat wliat. we said when speaking of mannito. Besides, here 
we approach M. Berthelot’s opinions, wlio admits that there may he 
ethers both of the glucoses and of the glncosanes. To sum up, wo 
consider the glucoses as acting the part of aldchyds of the first degree 
and of pcntatomic alcohols, and as being capable of producing anhy- 
drides— glncosanes, which retain the functions of the bodies whence 
they arc derived. The glucoses known are very numerous. They arc : 

1st. Ordinary glucose, which is produced by the hydration of starch 
under tlic influence of dilute acids or of diastase (the ferment which 
exists in malt) ; this glucose is also found in honey, inverted sugar, and 
grape sugar ; it constitutes the saccharine principle of diabetic urine. 

2nd. Maltose, which only differs from glucose in its rotatory action 
on light, and which is obtained by the incomplete gei urination of 
barley. 

3rd. Levulose, which exists in cano sugar inverted by acids, and 
which is obtained in a pure state by hydrating inulin, a compound 
analogous to starch, by means of dilute acids. 

4th. Mannitose, obtained by the oxidation of maunitc. 

5th. Galactose, which is prepared by causing acids to act on lactose 
or sugar of milk. 

(5th. Inosite, which is extracted from the muscular tissue. 

7th. Sorbin, extracted from the juice of the berries of tlie service-1 roe 
(Sorbm nucuparia). 
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8th. Euoalyn, which is produced in the fermentation of melitose in 
consequence of the destruction of another saccharine principle which, 
united with eucalyn, appears to constitute melitose. 

The first four of these glucoses present great analogies to one 
another ; they scarcely differ except in their rotatory action on light, 
in certain physical properties, and sorno chemical properties of slight 
importance. They are four allotropic states of the same body rather 
than four isomers. 

Oalacfose differs more from the preceding bodies. "While these fur- 
nish saccharic acid l>y oxidation, galactose furnishes an acid isomoric 
with this, mucic acid (C*Tl lo O*). 

The last, three glucoses in the list differ by more marked properties. 
While all the others can undergo alcoholic fermentation under the 
influence of yeast of beer, these do not ferment at all, or only under 
special conditions. With the exception of inositc, the glucoses arc 
decomposed at 100° under the influence of alkalies: they reduce 
cupro-potassic tartrate with precipitation of red sub-oxide of copper; 
and they are not charred by cold concentrated sulphuric acid. They 
are clearly to be distinguished from mannito and dulcite, which are 
not decomposed under the influence of alkalies at 10(P. 

The ethers of the glucoses are called glucosides. 

A great number of glucosides exist in vegetables; they arc ainyg- 
dalin, arbulin, phillyrin, salicin, csculin, populin, etc. Under the 
influence of hydrating agents, all these bodies are capable of absorbing 
the elements of waf er, and of being split up into glucose and a number 
of other products, among which are acids, aldeliyds, ammonias, and 
phenols. Wo cannot dilate on these substances; but one fact must be 
noticed which is observed in the saponification of populin. 

The formula of populin is (C^JF'O 14 ) ; it is a bonzoico-saligenic 


glucoside, the rational formula of which maybe written 


0“ 


( 0 6 H ,,VI 
C'lFO' 

enpo'p 

(0 C 1P) is the liexatomic radicle of glucose (0 7 1I 7 0), the monatomic 
residue which is derived from saligenin ((; 7 IF0 2 ) by the elimination of 
the group (110), and (C 7 1P0) is the monatomic radicle of benzoic acid. 

On taking up the elements of water, populin ought therefore to be 
transformed into glucose saligenin and benzoic acid : 



J'opulin. 


+ 2(11*0) = ( C °}jr[0 0 ) + (CW) 

WiitoT. (ilucnso. SiiLigcniti. 

+ (™}]o) 

lirn/oir uoid. 


TTowevcr, if these actions be carefully managed, this complete 
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division docs not lake place all at once, benzoic acid and aalicin are 
first obtained : 


( (“TI*" 
( ,7 IFO' 
C ? IPO' 

n* 



Pnpulin. 


+ 


(WO) 


Wiitir. 


(otwJo-) + ( , % , }o) 


S .‘tlicin. 


Benzoic iirid. 


It is only by an ulterior action that, salicin is transformed into 
sal i^cnin and glucose. 

It will be seen from this that in the saponification of the glucosides, if 
the reaction be well chosen and managed, the different, products which 
enter into the composition of these bodies may bo extracted one by 
one. 


Study ok tiik Principal Saturated TTkxatomic Alcohols. 

Mannite (C fi H 14 O fi ). Manuito was discovered by Proust, and its 
composition determined by Liebig. It exists in a great number of 
vegetables, and in the saccharine juices which have undergone viscous 
or lactic fermentation ; it is generally extracted from manna, by 
digesting this substance with boiling alcohol, filtering while hot, and 
crystallizing; it should be purified by repeated crystallizations. 

"Recently, M. Liiiuemann lias prepared mannite from inverted sugar. 
To effect this bo inverts a certain quantity of canc sugar by sulphuric 
acid, lie then saturates the liquid with a slight excess of alkali, and 
adds sodium amalgam. As the reaction develops a considerable amount, 
of heat the liquid must bo cooled ; when the action is completed, the 
liquid is saturated with sulphuric acid, evaporated to dryness, and the 
mannite is extracted from the residue by means of alcohol, as in ex- 
tracting mannite from manna. 

Mannite is a solid substance, fusible between 1 (‘(T and and 

when once melted it can remain liquid at 140'. It exercises no action 
on polarized light; it dissolves in six and a half times its weight 
of water at 18 ’, and in 80 parts of cold alcohol of the strength of 
89 pci cent., and much more readily at the boiling temperature. Ab- 
solute alcohol only dissolves fourteen per cent, of its weight of 
mannite ; ether docs not dissolve it at all. 

Mannite is deposited from its alcoholic solution in thin, colourless, 
quadrangular, silky prisms. Its aqueous solution, when mixed witli 
sulphate of Qoppcr, prevents the precipitation of this latter by potash. 
The alkaline liquor, when boiled, does not deposit sub-oxide of copper. 
Fohling’s liquor also resists the action of mannite. 

If mannite bo raised to the temperaturo of about 200°, cbullirion 
takes placo, the greater part of this sugar remains almost unaltered, 
and scarcely coloured ; another part is dehydrated and transformed 
into mannitano, according to the equation : 

(C 6 II U ()«) = (IPO) + (nw) 

-M iinnit* 1 . Watnr. Jlanniiwn*. 

2 ii 2 
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Above 300° mannite is destroyed, leaving a porous charcoal. If, 
instead of calcining it alone, it be mixed with eight times its weight of 
lime, metacctono is obtained : calcined with potash— formiate, acetate, 
and propionate of potassium are formed. 

Mannite is not charred by sulphuric acid, either when cold or hot. 
If the product resulting from the roaction bo saturated with carbonate 
of barium, a salt of sulpliomannitic acid is obtained in solution. This 
acid answers to the formula : 


C*1I 8VI 

SO 4 " 

SO*" 



At 100° mannite does not absorb gaseous hydrochloric acid, but 
combines with it, eliminating water, and gives rise to a neutral com- 
pound if the acid be in concentrated aqueous solution. With acetic, 
butyric, valeric, benzoic, and other acids, at a lemperaturo of 250°, 
neutral compounds are produced analogous to the compound ethers 
and fats. M. Rcrtlielot calls them mannilaniden . To isolate these 
compounds the excess of acid is saturated by an alkali, and they arc 
treated with ether, which dissolves the compound formed. With 
mannite, tartaric acid forms an acid which lias received the name of 
mannitartaric acid , and of which the formula is : 


0 C II 8V1 


(J 4 TI*0 2IV 

C 4 TP0 2,v 


( u JT s O ?lv 


C 4 JP0 2,v 


l CT1 2 0 2,V 

\ a 4 ii 2 o 2fv 



With monohydrated nitric acid hcxanitric mannite is obtained : 


/(JG,T 8VI 

UNO 2 ) 6 



Oxalic acid is decomposed into formic acid and carbonic anhydride 
by the simple presence of mannite, exactly as by glycerine. On 
heating a mixture of mannite, potash in concen tinted aqueous solution, 
and bromide of ethyl for about forty hours in a water bath, then 
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treating with ether, and evaporating this liquid, cthyl-mannitc (C^IPO 5 ) 


is obtained, which may be written 



, deriving it from man- 


Eases readily combine with mannite. These combinations are 
obtained by dissolving the base in a solution of mannite and precipi- 
tating by alcohol. Two calcic compounds are known, which have the 
formulae : 


(CaO, C 6 IT“0 6 + 2aq.) and (CaO, (0 a H w 0 6 ) a ). 


Baryta only furnishes a single compound, the formula of which is 
((BaO) 2 , 0 B H M 0°) ; with strontia also only a single compound, which has 
the formula (StO, C°II w 0 6 ), has been obtained. The ammoniacal acetate 
of lead precipitates mannite, and the formula of the precipitate is 
(C G irW0 6 ). When mannite is submitted to the action of oxidants, 
the effects vary according to the activity of the agents employed : if 
these be very active, oxalic acid is produced ; if they are less so, as in 
the case of very dilute nitric acid, an acid is produced which appears 
to be identical with saccharic acid, and if platinum black be made to 
act on a concentrated solution of mannite, it gives rise to an acid which 
has received the name of mannitic acid , and at tho same time to an 
inactive sugar of the glucose family which is called mannitosc . IWan- 
nitic acid is derived from mannite by a reaction analogous to that in 
which acetic, glycolic, and glyceric acids arc respectively derived from 
alcohol, glycol, and glycerine. 



+ 0* = 

(EH 

+ 

rsn 

Alcohol. 

Oxygen. 

Water. 


Acetic acid. 

cw 

+ 0 ! = 

(EH 

+ 


Glycol. 

Oxygen. 

Water. 


Glycolic acid. 
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+ o* « 

(EH 

+ 
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Glycerine. 

Oxygen. 

Water. 
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Distilled in a current of carbonic anhydride in presence of a highly- 
concentrated solution of hydriodic acid, mannite is tiansfoimed into 
iodide of hoxyl (C a H w J ) according to the equation : 

(c-iro) + lid 1 }) « u(g}o) + (T!) + <!}) 

Mannite. llydriudic acid. Wuter. Iodide of hexyl. Iodine. 
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This reaction, which is entirely identical with that which transforms 
glycerine into iodide of propyl, definitely fixes the composition of 
mannitc, and renders the formula (C a IF0 8 ), which some chemists have 
given to it, quite inadmissible. 

In presence of yeast of beer, mannite does not ferment ; if its solu- 
tion be maintained at 40°, after having been mixed with chalk and 
poor cheese, pancreatic tissuo or albumen, fermentation takes place, 
hydrogen and carbonic anhydride are disengaged, and alcohol is pro- 
duced along with lactic and butyric acids, These two acids appear to 
be the result of a concomitant fermentation, but different from that 
which furnishes alcohol. M. Berthelot affirms that in this latter fer- 
mentation no yeast is formed. 

Maxnitane (0®H 12 0 5 ). — Mannitane, or the first anhydride of man- 
nito, can, according to Berthelot, bo obtained by three processes, 
which are : 1st, the saponification of mannitic ethers; 2nd, the action 
of a temperature of 200° on mannite ; 3rd, the action of hydrochloric 
acid at a temperature of 100° on mannite. 

In order to sa}x>nify mannitic ethers, they may either be healed 
with water to 240“, or with an alkaline solution to 100°, or again they 
may be dissolved in alcohol and hydrochloric acid added. In this 
case the alcohol seizes the acid of mannitic ether and tlic mannitane is 
set fice. Whichever method bo used to prepare it, mannitane must 
be purified by several successive solutions in absolute alcohol, which 
dissolves none of tho impurities. 

The formula of mannitane is (0‘ ! J1 J “0 5 ) ; it is a syrupy liquid; it 
gives off vapours at J40 j ; on contact with air it absorbs moisture and 
re-forms crystals of mannite ; this regeneration takes place with much 
greater rapidity if mannitane be heated in a sealed tube with solution 
of baryta. 

Mannitane, when heated with acids in scaled tubes, forms the same 
neutral compounds as mannite. 

From the two facts that mannitanides produce mannitane when they 
are saponified, and that they are rc-foimed by means of mannitane and 
acids, M. Berthelot concludes that it is not mannite, but mannitane, 
which is an alcohol, and that mannite is only a hydrate of this alcohol. 
He supports his view by tho number of mannitanides which the same 
monobasic acid can furnish with mannitane, and considers this body 
as an hcxatomic alcohol : we have already considered this question. 

Max ni me (( ■ fi H ,u 0 4 ). — Marmido, or the second anhydride of mannitc, 
has been obtained by Berthelot as a secondary product in the prepa- 
ration of butyric mannite. 

It is a syrupy substance ; its taste is sweetish at first, afterwards 
bitter, and it is soluble in water and alcohol. 

Mannide furnishes mannite under the same conditions as mannitane ; 
heated with benzoic acid it gives rise to a neutral compound which is 
soluble in ether, and which appears to bo benzoic mannite. The dehy- 
dration of mannite has not been pursued further than mannide. 
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Dulcite (C 8 H ,4 0 ,! ) (synonyms : Dulcose, Dnlcin ). — In 1 848, there came 
from Madagascar a substance in small roots covered with crystals, and 
the botanic origin of which was unknown. From this subslance, Lau- 
rent extracted dulcite by simply digesting it in boiling water, filtering, 
and leaving the filtered liquor to cool. 

Since then, M. Eicliler has given a process for the extraction from 
Mdampyrum nemoromm of a substance which he calls mclampyrin, and 
which Gilmer has shown to be identical with Laurent’s dulcite. 

In order to extract dulcite from Melampyrum nemoromm , a decoction 
of this herb is made ; sufficient limo is added to render the liquid 
alkaline, and it is then concentrated; the lime is saturated with hydro- 
chloric acid in slight excess ; the liquid is somewhat further evapo- 
rated, and on allowing it to cool, dulcite is obtained in very white 
crj T stals. 

Dulcite has a sweet taste, similar to that of mannitc; it dissolves 
readily in water, hut with difficulty in alcohol ; it fuses at 182°, and is 
destroyed at 275°, becoming charred. 

Dulcite crystallizes in oblique rhombohedrie prisms; it produces 
no rotation on polarized light ; boiling alkalies do not affect, it ; acids 
act with it as with mannitc. When treated by nitric acid, it is 
converted into oxalic and mucie acids. According to M. Carlefc, a 
certain quantity of paratartaric acid is also produced. This latter fact 
appoais to indicate that it is only inactive on polarized light hy com- 
pensation. 

With lime and baryta, dulcite gives compounds which are analogous 
to those furnished by mannitc; it is also piecipitated by annnoniacal 
acetate of lead. 

In presence of yeast of beer, dulcite does not ferment. 11 it be 
mixed with chalk, poor cheese and water, and the mixture he kept at 40 J , 
hydrogen, carbonic anhydride, alcohol, butyric acid, and lactic acid, 
are produced. 

Under the influence of heat, dulcite loses a molecule of water and 
gives dulcitanc, which is isolated by dissolving it in alcohol ; more- 
over, dulcitano may be obtained from dulcite by all the procossos 
used to obtain mannitano from mannitc. Its formula is 

When left in free air, dulcitane, which is syrupy, is transformed 
into crystals of dulcite. When heated with acids, it combines with 
them, and gives the same neutral compounds as dulcite (dulcilanides). 

To sum # iip, dulcite differs from mannitc by its crystalline form, its 
point of fusion, which is situated at 182° instead of 105°, and its pro- 
perty of giving mucic acid when oxidized. The isomerism of mannite 
and dulcite is continued in the derivatives of these bodies. 
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Study ok tub Sugars. 

Glucose (C 6 IT 1K O fi -f- aq.). — G lucosc is widely distributed. It is found 
pure in the urine of diabetic persons, and mixed with levulose in 
lioncy and inverted sugar. It may bo obtained from certain organic 
principles, such as salicin and arbutin, or by the action of dilute acids 
or diastase on starch. Cellulose may also be transformed into glucose 
under the influence of acids. 

Gelatine, when treated by boiling dilute sulphuric acid, and chon- 
di in, when submitted to the action of boiling concentrated hydrochloric 
acid, also give a sugar of the glucose series; but it is not yet known 
whether these sugars are identical with ordinary glucose. 

Glucose may be prepared either from honey or from inverted sugar, 
or from diabetic urine, or, which is the method most used, from starch. 

When honey or inverted sugar arc left, alone for a certain time, 
glucose is deposited in crystals. If the mass be then treated with cold 
alcohol, this removes the levulose which floats on the surface, and the 
glucose remains in an almost pure state. 

In order to extract glucose from diabetic urine, the liquid is concen- 
trated till crystals are deposited. These arc washed with cold alcohol, 
then dissolved in water, and submitted to a new crystallization. 

As is most frequently the case, when llie object is, not to extract 
glucose in order to examine and analyze it, but to prepare this body, 
recourse must be had to the action which acids or diastase exercise on 
starch. If diastase be used, a mixture of water, starch, and germi- 
nated barley is heated to 70° until iodine no longer imparts a blue 
colour to the liquid, which is then filtered and evaporated to a syrupy 
consistence. Glucose crystallizes after a certain time. 

When* acids are used, a mixture is made of starch and dilute sul- 
phuric acrid, and beat is applied by means of a current of steam until 
iodine no longer colours the liquid blue, and alcohol does not precipi- 
tate it. The liquid is then saturated with carbonate of calcium, filtered 
and evaporated to the consistence of syrup, and left to cryslallizc. 

Cellulose may he substituted for starch. This must first lie dissolved 
in concentrated sulphuric acid, then the solution diluted with water, 
a part of the acid saturated, and finally the operation is completed 
by heating the mixture for about twelve hours to 100°. 

The transformation of starch into glucose deserves attention. For a 
long time it was thought to ho a simple hydration ; it was believed that 
starch (( VTi ,0 O B ) was transformed into dextrin by a simple isomeric modi- 
fication, and that dextrin then absorbed a molecule of water (IPO) in 
order to be transformed into glucose. But it appears from a very import- 
ant work recently published by M. Musculus, that in reality this is not 
the case. Diastase effects the division of starch into glucose and dextrin, 
and the operation may be compared to the saponification by water of 
fibers or tatty bodies. When the division of starch is completed, 
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dextrin in its turn can bo partially saccharified. This sacchariti cation 
by diastase is always incomplete. With acids the phenomena are 
identical, with this slight difference, that the saccharification of the 
dextrin formed is much more easy. 

Glucose is very soluble in water, though it is less so than cane 
sugar. One part of glucose requires one part and a third of cold water 
to dissolve it; it is also soluble in ordinary boiling alcohol, but less 
so in cold alcohol. 

When an aqueous solution of glucose is evaporated, it assumes a 
syrupy state before crystallizing, and the crystals are only deposited 
after it has stood for some time. 

Crystallized glucose is found in small lumps, and its crystals contain 
a molecule of water of crystallization, which they lose at 70° or 80° 
after having undergone aqueous fusion. 

it is doxtrogyrate, and its molecular rotatory power is equal to 56°. 

Dry glucose is not altered by a temperature of 120o or even 130°. 
At 140' 1 it loses water, and is transformed into caramel, if tlic heat 
be continued, it gives the same products of decomposition as cauc 
sugar. Jloilcd for some time with dilute sulphuric or hydrochloric 
acid it is decomposed, and gives acids and ulmic compounds. When 
this decomposition takes place in contact with air, formic acid is also 
produced. 

Cold concentrated sulphuric acid transforms glucose, without char- 
ring, into an allied acid. 

Alkaline bases and earths readily combine with this sugar, but these 
compounds are very unstable and are destroyed at tho boiling temper, 
atin’e. They are obtained by dissolving in a solution of glucose the 
base the glucosate of which is to be obtained, and it is then preci- 
pitated by alcohol. In this way have been obtained the glucosate 
of barium [((^ 5 ll llJ O f, ) 2 (Ba()) :i -f- 2 aq.J and tlie glucosate of calcium 
[(U'lFt/f (OaO) 3 + 2 aq.]. 

Oxide of lead gives with glucose a compound which corresponds to 
the formula : 


( C n H r,VI 

c ,; ir !vi 

IV 

u° 



A hot solution of glucose reduces cupro-potassic tartrate, and the 
mixture of potash and sulphate of copper when cold. 

Glucose combines with chloride of sodium, and a crystallized com- 
pound is produced whose formula is [(C 6 II. 12 O ti ) 2 jNaCl -f- aq.]. 

When glucose is boiled with binoxide of lead, formiate and carbo- 
nate of lead are produced, and carbonic anhydride is disengaged. 

Chlorine and the pcrchlorides destroy glueoso, charring it. 

Butyric, acetic, stearic, and benzoic acids, when heated with glucose 
to 100° or 120° for fifty or sixty hours, combine with it, eliminating 
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water, and give neutral bodies analogous to fats and to mannitanides : 
these are the glucosidos of M. Berth clot. 

Levulose (C f, II 12 0' ! ). — Lcvuloso is found mixed with glucose in in- 
verted cane sugar, honey, and tho sugar of acid fruits; it may bo 
extracted from these mixtures by a very simple process which wo owe 
to M. Pubrunfaut, and which consists in dissolving 10 grammes of 
inverted canc sugar in 100 grammes of water, a nd adding G grammes of 
slaked lime to the solution. At tlio end of some time tho whole 
assumes the form of a thick liquid, which is squeezed in a press. The 
solid part is the calcareous salt of levulose. Tho whole of the glucose 
remains in solution. This calcareous salt dissolved in water and de- 
composed by a current of carbonic anhydride, furnishes pure levulose ; 
the solution has only to be filtered and evaporated. 

Levulose in a pure state is obtained with greater rapidity by sac- 
charifying inulin by dilute acids: inulin is a principle isomeric with 
starch contained in the roots of elecampane, the dahlia, colchicum, 
and artichoke. 

Levulose is syrupy, deliquescent, and uncrystallizablo. It dissolves 
very readily in water and in ordinary alcohol, but with greater difficulty 
in absolute alcohol. It has a much sweeter taste than glucose. 

It is levogyrato, and its rotatory power is —106 at 1«j\ but it varies 
greatly with the temperature ; thus at 90 it diminishes by half, and 
becomes — 53. 

Glucose having, on the contrary, a rotatory power which does not 
vary with the temperature, the variations of the rotatory power of 
levulose ought to be found in inverted sugar, which is a mixture of 
equal weights of glucose and levulose. And, in fact, inverted sugar 
whose rotatory power is —25 at 15° becomes half as much at o2'\ is 
null at 90°, and changes its sign above this temperature. 

Lcvulbsc begins to decompose above 100°, and gives the same pro- 
ducts of decomposition as glucose; with lime it forms an insoluble 
compound, the formula of which is [(C p Tl 12 0 ,! ) y (( *aO) !I .] 

Lcvuloso decomposes more readily than glucose under tho influence 
of acids or of heat ; but it resists the action of ferments or alkalies much 
better. Its greater resi stance to the action of ferments has been 
utilized in its preparation : if, during the courso of a fermentation the 
rotatory power of the liquid be taken from time to time, it will bo 
perceived that at the end of a certain time tho deviation to the left 
attains its maximum and then diminishes : on arresting the fermenta- 
tion at this moment, it will be found that all the glucose is destroyed, 
and that the liquid contains only lcvulos$. 

Maltose (C fi II 12 0 G ). — When glucose is obtained by diastaso and starch, 
the product has a rotatory power in the same direction, but triple that 
of ordinaiy glucose. By tho prolonged action of dilute acids, maltose 
is transformed into this latter sugar, and tho differences between them 
do not appear to us sufficient to make a separate sugar of maltose. Jt 
is not an isomer, but meroly an allotropic state of glucose. 
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Galactose (0°II 12 0 6 ). — When lactose is boiled for a lung time with 
dilute mineral acids, it is transformed into a new sugar which fer- 
ments very readily, called galactose. 

It presents tho general reactions of tho sugars with alkalies and 
cupro-potassic tartrate. 

It crystallizes more readily than glucose; its rotatory power is 
to the right, equal to +8SJ°*3; it is soluble in water mid slightly 
soluble in cold alcohol. Its most remarkable distinctive characteristic 
is, that when oxidized by nitric acid it furnishes mucic acid. 

Mannitose (C a lI 12 (J fi ). — It has already been said that when mannite 
is oxidized by platinum black, a mixture of mannitic acid and of a 
sugar which ferments readily is obtained. In order to separate this 
from mannitic acid we require to saturate by lime, precipitate by 
alcohol, evaporate the filtered liquid and precipitate a second time by 
alcohol, after having brought the solution to a syrupy consistence ; it 
is again filtered and evaporated to dryness. 

Mannitose is syrupy and is not crystallizablc. 

It exercises no action on polarized light, and presents all tho re- 
actions of the other sugars. 


POLYGLUCOSIC ALCOHOLS. 

Chemists have not as yet succeeded in obtaining polyglucosic 
alcohols synthetically from glucose, this latter body not possessing 
sufficient stability; but the vegetable kingdom furnishes us with a 
certain number of isomeric compounds which all have the formula 
(C^IPO 11 ), and which evidently represent diglucosic alcohol. Those 
compounds are : cane sugar or saccharose (ordinary sugar); mclilose, 
extracted from Australian manna ; trehalose, which is obtained from a 
Turkish manna called troliala ; mycose, extracted from ergot of rye ; 
melezitoso, the sweet exudation from larch manna ; lactose, or sugar of 
milk ; and parasaccliarose, obtained by transforming cane sugar by 
a special ferment. 

One property of these sugars leaves no doubt as to their constitution : 
they are capable of furnishing by hydration two molecules of one 
sugar or of two isomeric sugars. It is evident that if the division 
always gave rise to a single sugar it would be difficult to account for it. 
Fortunately several of the compounds are divided into two isomeric 
sugars which may bo separated, and tho analogy of properties which 
exists among all these bodies permits the statement that the others 
undergo the same division, with tho single difference that, instead 
of producing two distinct sugars, two molecules of one and the same 
sugar aro formed. 

It is by the hydration of saccharose and melitose that two different 
sugars are produced. With saccharose, glucose and levulose aro 
formed ; eucalyn and glucose are produced from melitoso. The 
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ferments which act readily on glucose and do not act on encalyn, 
enable these two bodies to be separated. Lovuloso is separated from 
glucose by taking advantage of the slight solubility of tho compound 
it forms with lime in'comparison with the calcic compound of glucose, 
which is very soluble. 

The rational formula which shows tho splitting up of cane sugar 
and its isomers is : 



Cm io sugar. Water. Glucose. Lcvulose. 


]t- will be seen that these sugars arc only diglueosic alcohols arising 
from condensation into a single molecule with elimination of wator, 
either of two molecules of one sugar or of two molecules of two distinct 
sugars. 

It will also he seen that cane sugar and its isomers are deeatomic 
alcohols. However, the experimental demonstration of this fact 
presents great difficulties on account of tho extreme instability of the 
compounds in question. It is nevertheless to be hoped that this 
problem may be solved, since M. Schiitzenbergcr has succeeded in 
preparing the acetic derivatives of cane sugar, starch, and cellulose, by 
heat ing these substances lor some minutes with acetic anhydride at a 
temperature not exceeding the boiling point of this anhydride. 


Study of tuk Principal Polyglucosic Alcohols. 

Cane Sugar or Saccharose (C’Hl^O 11 ). — Cane sugar exists in the 
juice of the sugar-cane, sorgho grass, maize, beetroot, carrot, and sugar 
maple. Until tho last few years it was believed that acid fruits did 
not contain any trace of it ; hut, in 18(11, M. Buignet showed, 1st, that 
tho greater part of acid fruits contain a considerable portion of their 
saccharine matter in the state of cane sugar : 2nd, that that part 
which is not in tho state of saccharose is in the state of inverted sugar, 
and as cane sugar alone furnishes inverted sugar, this demonstrates that 
the saccharine matter was always in the first instance saccharose; 
3rd, that what produces the inversion in fruits is not the acid, but an 
organic substance which acts as a ferment ; 4 th, that, in all probability, 
the sugar is formed at tho cost of the starch, and of a substance of the 
nature of tannin which exists in fruits. 

Cane sugar is extracted from sugar-cane or beetroot. We will only 
describe the processes generally. In order to oxtract sugar from the 
cane, the juice is pressed out from the plant and heated with lime to 
separate the albuminous substances which are then separated in the 
form of froth (clarification) ; then it is evaporated and crystallized. 
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Tho sugar thus obtained is called native or moist sugar ; it is then 
refined, tho operation consisting in again dissolving tho sugar in 
water, bleaching tho solution by animal black in powder and bullock’s 
blood, and crystallizing a second time after filtering. 

The crystallization takes place in conical moulds. When it is 
finished tho loaf is clarified by having syrup filtered through it. The 
saturated syrup cannot dissolve more sugar, but dissolves the foreign 
substances, and the loaf of sugar becomes perfectly white. 

The processes used to extract sugar from beetroot are identical with 
the preceding, with this difference, that when the juice has been 
extracted and clarified, instead of evaporating it immediately, it is 
filtered through animal black in pieces. 

in order to obtain sugar in largo crystals (sugar- candy), its aqueous 
solution, previously evaporated to 37° of tho areometer, is placed in a 
stove. 

Cane sugar is soluble in every proportion in boiling water, and very 
soluble in cold water ; its solutions form syrup before crystallizing; it 
is insoluble in absolute alcohol and ether ; ordinary boiling alcohol 
dissolves it sparingly. 

Cane sugar crystallizes in oblique rhomboidal prisms which are hemi- 
hedral, hard, and anhydrous. Its density is 1 *(500; it turns polarized 
light to tho right, and its molecular rotatory power is +7^1° • 8, and 
docs not perceptibly vary with the temperature. 

When cane sugar is heated, it melts at I0(P without altering ; but if 
the action of this temperature be prolonged, it divides into glucose and 
levulosane. 

(C'*11"0 11 ) = (c«H w O e ) + (C fi II 10 O 6 ) 

Saccharose. Olucosc. Levulosiine. 

This latter compound may be extracted from the mixture by 
destroying tho glucose by fermentation and evaporating the solution. 
However, it is never obtained pure. Heated with dilute acids, this 
levulosane gives rise to lcvulose. 

If saccharose be brought to a high temperature, products arc formed 
which arc called caramdic acid, caramdan , etc. These products art) 
black; they cannot, be purified, and appear to bo the result of a 
molecular condensation. 

Roiling dilute acids change the rotatory power of cane sugar, and 
transform 4 into a mixture of glucose and levulose which has received 
the name of inverted sugar . 

If the action of boiling dilute acids on canc sugar be prolonged, and 
if these acids be energetic, liumoid compounds are obtained. 

Fatty organic acids, such as acetic, butyric or stearic acid, combi no 
with sugar at 120°, forming neutral bodies analogous to the fatty 
bodies ; tartaric acid also combines with saccharose under the same 
conditions. Concentrated sulphuric acid evolves heat with cane sugar, 
and tho mass becomes black. On cooling a conjugate acid is obtained. 
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Boiling glacial acetic acid transforms saccharose in a few minutes 
into an acetic ether, which lias not yot been analyzed. 

Saccharose combines with potash, baryta, lime, etc. These com- 
pounds resist a temperature of 100°. 

When lime is dissolved in sugar- water, a compound is produced tho 
formula of which is (C , “ll“ 2 0 ,, ,CaO;, and which is very soluble. Tho 
solution of this bodj r coagulates under the influence of heat, and a now 
compound is precipitated, which is tricalcic saccharose, tho formula of 
which is f ( f “IPO 1 1 , 3 ( Oa( ) ) j ; hut if the liquid be allowed to cool, tho 
precipitate is again dissolved. 

Thirytic saccharose (C^II^O^BaO), which is slightly soluble in 
water, has also been analyzed. On precipitating sugar-water by tho 
ammoniacal acetate of load, a body is obtained which has tho formula 

((r j Jl l Tb*0 11 ). 

All these compounds, treated by carbonic anhydride in presence of 
waler, re-form pure saccharose. 

Solution of saccharose does not reduce cupro-potassic tartrate; never- 
theless, this sugar possesses a certain reducing action in presence of 
alkalies: thus, on boiling oxide of silver with a mixture of sweetened 
water and an alkaline solution, metallic silver is obtained. 

Chlorine attacks sugar at a temperature of 100°, and forms black 
compounds, which are but little known. Perel derides act in the same 
manner. If cane sugar be left with bromine at the ordinary tempera- 
ture the mass becomes syrupy, and tho colour of the bromine dis- 
appears. At the end of a certain time this liquid becomes black, and 
is decomposed.* 

Boiled witli chloride of calcium or ammonium, sugar is inverted. 

When cane sugar is submitted to the action of the yeast of beer, it 
ferments, but previously it becomes inverted. This fermentation is 
only coriiplete when the solution is dilute. 

If, instead of submitting sugar to the action of yeast, its aqueous 
solution, mixed with phosphate of ammonium, bo left in contact with 
air, a ferment is developed differing from the yeast of beer which also 
transforms it into carbonic anhydride and alcohol ; but the inversion 
takes place much more slowly —sometimes, even, it is not apparent. 
M. Jodin has remarked, that during the summer this particular fermen- 
tation is accompanied by an isomeric modification of saccharose, and 
produces a now sugar, which will be presently studied under the name 
of paramccharose . 

Cane sugar is a powerful agent for the preservation of animal and 
vegetable substances. 

Under the influence of oxidizing agents it furnishes oxalic, saccharic, 
and tartaric acids. 

Inverted Sugar.— It has been said that canc sugar becomes inverted 
under tho influence of acids. The sugar which is thus formed is 
identical with that found in honey and in acid fruits. It is not crys- 
* J. Vincent (unpublished). 
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tallizable. When left alone for some time crystals of glucose arc 
deposited. 

Wo have seen, when speaking of levulose, how this latter body may 
bo extracted from inverted sugar, and have spoken of the modifications 
heat produces in its rotatory power. • 

Til order to complete its study, and to demonstrate that this sugar is 
a mixture of equal weights of glucose and levulose, it must be added, 
that when glucose is deposited in crystals from inverted sugar, the 
rotatory power of the part that remains liquid becomes more strongly 
lcvogyrate, but that on the glucose being redissolved in this liquid by 
means of gentle heat its original properties arc restored. 

Melitose ((FIDO 11 + 3 aq.). — Melitose has been extracted by Ber- 
tlielot from Australian manna, a sweet exudation produced by certain 
species of Eucalyptus of Van Diemen’s Land. 

It is readily prepared by treating this manna with water, bleaching 
the aqueous solution by animal charcoal, crystallizing, compressing the 
crystals between folds of bibulous paper, and purifying the product 
by a fresh crystallization. 

The formula of crystallized melitose is (0 12 JI"0 11 + 3 aq.). At 100° 
it. loses 2 aq., and at 130° it loses the third atom; but at this tempera- 
ture it begins to decompose ; and if greater boat be applied, the 
residue is resolved into the usual principles which arise when sugars 
arc decomposed by heat. 

Melitose readily dissolves in water; its solutions do not become 
more syrupy before crystallizing, and aro not precipitated by alcohol. 
They have a tendency to become covered with mould. 

Melitose is dextrogyrate; its rotatory power is +102°; if it be 
heated for a quarter of an hour with sulphuric acid, this rotatory 
power is modified; but its direction is not changed, as is the case with 
saccharose. 

Aimnoniacal acetate of lead gives a precipitate in the solutions of 
melitose. 

Melitose is not altered by the aqueous solution of baryta at 100°, 
and it exercises no reducing action on cupro-potassie tartrate, but 
boiling dilute sulphuric acid communicates this latter property to it. 

Boiling fuming hydrochloric acid transforms this sugar into undeter- 
mined black substances. 

If the liquid containing melitose modified by boiling dilute sul- 
phuric. acid be evaporated and saturated, a syrupy sugar is obtained 
which is nof crystallizable, and which belongs to the glucose series. 

Heated with nitric acid, melitose furnishes mucic and oxalic acids, 
which characteristic clearly distinguishes it from cane sugar. Under 
the influence of the yeast of beer it ferments, but does not give hall 
the alcohol and carbonic acid which would be produced by an equiva- 
lent weight of cane sugar under the same conditions. AMien the fer- 
mentation is completed there remains in the liquid a saccharine prin- 
ciple incapable of fermentation, which is called cucalyn. 
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If, instead of submitting melitose to fermentation, the product 
furnished by this sugar when treated by dilute sulphuric acid be 
fermented, the same result will be obtained, except that only half the 
mass will be transformed into carbonic anhydride, alcohol, etc., and 
there will remain & weight of eucalyn equal to half the weight of the 
substance employed. This tends to prove that melitose thus modified 
forms a mixture of equal equivalents of eucalyn and a fermentable 
sugar. If this bo the case, the rotatory power of this second sugar can 
bo calculated by knowing those of eucalyn and of the modified meli- 
tose : such a calculation gives this new sugar a rotatory power about 
equal to that of ordinary glucose. 

Thus, like cane sugar, melitose appears to have a complex grouping, 
and to contain the elements of two other more simple sugars. 

Trehalose (C^H 25 ^ 11 + 2 aq.). — Trohaloso has been extracted by 
Berthelot from a Turkish manna, which is called trehala. 

In order to prepare this saccharine principle, trehala is exhausted by 
boiling alcohol. Sometimes the trehalose crystallizes when the liquor 
cools ; at others, the solution must be evaporated and loft for several 
days in order to obtain crystals. These crystals should be compressed 
in blotting-paper and again dissolved in boiling alcohol, the solution 
bleached by animal black, and filtered. On cooling, the crystals are 
again deposited, and should be purified by one or two new crystalliza- 
tions from boiling alcohol. 

Trehalose crystallizes in hard rectangular octohedra, which have a 
sweet taste. Their formula is (C^H^O 11 4- 2 aq.). They lose their 
water of crystallization at 1 00°, and are then represented by the same 
formula as cane sugar. 

If trehalose he briskly heated to 120° it melts; but if the heat be 
applied slowly, it is dehydrated without melting, and the temperature 
may be .raised to 180° without decomposing this sugar, which is much 
more stable than saccharose or melitose. 

Trohaloso dissolves readily in wafer, and the solution becomes 
syrupy before crystallizing ; it also dissolves in boiling alcohol, though 
in a less degree, very slightly in cold alcohol, and not at all in other. 

Trehalose is dextrogyrate ; its molecular rotatory power is +220°; 
it is, therefore, triple that of cane sugar. It does not vary perceptibly 
with the temperature, and after twenty-four hours it remains the same 
as immediately after solution, even when this has been made with 
trehalose desiccated at 180°. 

Boiling dilute sulphuric acid attacks trehalose with difficulty ; on 
continuing the boiling for several hours, the rotatory power of the 
sugar is modified, becoming four times more active. 

Trehalose does not ferment readily under the influence of yeast, but 
when it has been previously modified by diluto acid the fermentation 
becomes very easy. 

At 100° trehalose is not altered either by potash or baryta, and 
it does not reduce the p otassic tartrate of copper. Its aqueous solutions 
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are precipitated by the aminoniaoal acetate of lead. Fuming hydro- 
chloric acid at 100° blackens trehalose ; it is charred by concentrated 
sulphuric acid at the same temperature ; nitric acid oxidizes it, pro- 
ducing oxalic acid but no mucic acid. At 180°, this sugar combines 
with stearic, benzoic, acetic, and butyric acids, and gives riso to bodies 
analogous to the glucosidos, mannitanidcs, and the fatty bodies. 

Myoose (C"H*0 11 ).— Mycose has been extracted from ergot of rye by 
Mitscherlich. He exhausted the powder with water, precipitated the 
solution by sub-acetate of lead, filtered, and removed the excess of lead 
by sulphuretted hydrogen. The solution when again filtered and 
evaporated to the consistence of a thick syrup deposits crystals of 
mycose, which are washed with cold alcohol and purified by several 
crystallizations. 

Mycose resembles trehalose in its properties, with the exception of 
two : 

It is not entirely dehydrated at 1 00°. 

Its rotatory power is less than that of trehalose. 

Melezitose (C la H 22 0 11 ). — Melozitose has been extracted by Bertlielot 
from larch manna, a saccharine exudation of the larch (Plum laryx ). 

In order to prepare this sugar, the manna is treated with boiling 
alcohol, and the solution evaporated to the consistence of an extract. 
At the end of several weeks, crystals are deposited which are pressed 
and purified by another crystallization from boiling alcolio]. 

These crystals seen through tho microscope appear as oblique rhom- 
boidal prisms. Their taste is less sweet than that of canc sugar ; they 
possess a certain quantity of water of crystallization, but it has not 
been determined, as the crystals are very efflorescent. When desic- 
cated at 110°, their formula is (C ,8 I1“0 11 ). 

Melezitose melts at about 140°, and is destroyed at loss than 200°, 
giving the same products of decomposition as the other sugars ; it is 
very soluble in water, from which it is only deposited when its solution 
is of a syrupy consistence; it also dissolves sparingly in boiling 
alcohol, very little in cold alcohol, and not at all in ether. 

Melezitose is dextrogyrate ; its rotatoiy power is -f-94°’l. Under 
the influence of dilute acids, and especially of sulphuric acid, this 
rotatoiy power is modified, and becomes similar to that of ordinary 
glucose. This modification requires about an hour for its production ; 
it therefore takes place more slowly than with cane sugar and quicker 
than with trehalose. It must be remarked that, whilst the action of 
acids splits up cane sugar and melitose into two different sugars, this 
same action appears only to produce a single sugar with trehalose and 
melezitose. 

Alkalies do not alter melezitose at 100°, and the cupro-potassic tar- 
trate is not affected by it. Cold sulphuric acid chars it, and boiling 
hydrochloric acid soon turns it brown. 

Melezitose is capable of undergoing alcoholic fermentation, but 
this takes place slowly and with difficulty. If however the action 

2 i 
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of the yeast bo preceded by that of boiling dilute acids, the fermenta- 
tion is readily produced. 

Melezitose is oxidized by nitric acid, and oxalic acid is produced; 
but the production of mucic acid has never been observed in this 
reaction. 

Iiactose (C 1 *II w 0 11 + aq.). — Up to the present time lactose has only 
been obtained from the milk of the mammalia, from which it is extracted 
by coagulating the curd by a small quantity of sulphuric acid. The 
mixture is then filtered, evaporated, and crystallized. The crystals 
should be redissolved in water and their solution bleached by animal 
black, and then again submitted to crystallization. 

Sugar of milk crystallizes in oblique rhomboidal prisms, of a density 
of It is hard, transparent, gritty between the teeth, and lias 

only a very slightly sweet taste ; it dissolves in six parts of cold water, 
evolving heat, and in two and a half parts of boiling water. 

Cold alcohol and ether do not dissolve lactose. Tho crystals when 
desiccated at 100" have the formula aq.). Heated to 

1 50°, they lose tlieir water of crystallization, and are then represented 
by the same formula as cane sugar. Moreover, at this temperature 
they commence to decompose, and at 170° are completely destroyed. 

Sugar of milk produces right-handed rotation. This power, referred 
to the formula (C^H^O 11 ), is equal to -j-59° m 3. It is stronger by 
3-8 in recent solutions, but rapidly diminishes to attain the constant 
term. 

When sugar of milk is heated with dilute mineral acids, or with 
strong organic acids, it is transformed into galactose and its rotatoiy 
power is modified. 

Lactose is carbonized at 100° under the influence of fuming hydro- 
chloric acid and of concentrated sulphuric acid. Gaseous hydro- 
chloric acid combines with lactose, forming a grey mass, from which 
sulphuric acid displaces the sugar. 

When oxidized by nitric acid, sugar of milk furnishes mucic and 
oxalic acids. Liebig has also proved the formation of saccharic and 
ordinary tartaric acids in this reaction. 

/ Treated with a mixture of sulphuric and nitric aeids, lactose gives a 
nitrous product which is insoluble in water and soluble in alcohol, from 
which it may be deposited in crystals. This product explodes at 100°. 

Lactose combines with bases, such as soda or potash, in the propor- 
tion of one equivalent of sugar to three of base. These compounds 
are prepared by dissolving tho alkali in the solution of milk sugar, 
and precipitating by alcohol. 

Milk sugar may be extracted intact from these combinations when 
obtained cold ; but if these latter be heated to 100° they become yellow, 
and are decomposed like the glucosates. 

When sulphate of copper is dissolved in a solution of milk sugar, 
and a little potash added to the solution, a precipitate forms which 
again dissolves. If a greater quantity of potash be added, a deposit of 
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sub-oxide of copper is produced : this reduction is assisted by gentle 
heat. Lactose also reduces cupropotassic tartrate ; but if quantities 
of glucose and lactose containing the same weight of carbon be taken, 
it is observed that milk sugar reduces less oxide of copper than glucose 
does. The quantities reduced are as 7 to 10. 

Milk sugar does not ferment by the addition of yeast, but in presence 
of animal substances one portion of it is transformed into galactose, 
which undergoes alcoholic fermentation, while the greater part is 
transformed into butyric and acetic acids. According to Luboldt, a 
certain quantity of alcohol is always produced when milk sugar fer- 
ment# between 15° and 20° ; but in proportion as acidity is mani- 
fested the alcoholic foimcntation becomes less intense, without how- 
ever entirely ceasing. 

The solution of milk sugar is precipitated by ammoniacal acetate of 
lead. Tartaric acid combines with lactose at the temperature of 1 00°. 

Parasaccharose (C^n^O 11 ). — Parasaccharose is the sugar which is 
isomeric with cane sugar, the production of which, in a special fermen- 
tation of saccharose, we previously mentioned. The following aro its 
properties : 

Parasaccharose is veiy soluble in water without being hygrometric : 
alcohol at 90° does not perceptibly dissolve it. 

At 100° it bocomes coloured and appears to decompose slightly. 

Desiccated in vacuo at 15° it corresponds to the formula (C^IP'O 11 ). 
It is dextrogyrate : its rotatory power is about -f-'l 08° to 1 10°, and does 
not vary with the length of time the solution has been made. 

Parasaccharose reduces cupro-potassic tartrate; but its reducing 
power is inferior to that of glucose, and even lo that of lactose. Equal 
equivalents of these three sugars reduce quantities of oxide of copper 
which are as 10 : 7 : 5. 

Juke lactose, parasaccharose is therefore intermediate botween the 
sugars which evidently belong to the family of saccharose and those 
which aro grouped round glucose. 

It is not modified by dilute sulphuric acid at 100°. Hydrochloric 
acid, on tho contrary, imparts a brown colour to its solutions, raises its 
reducing power to the level of that of lactose, and lowers its rotatory 
power to that, of saccharose. 


ANHYDRIDES OF POLYGLUCOSIC ALCOHOLS. 

As to levulose there corresponds a known anhydride, levulosane, 
derived from it by the loss of (H*0) ; and as anhydrides, little known, 
but derived in the same manner, correspond to the other sugars, so 
anhydrides derived by the elimination of one, two, three ...» mole- 
cules of water should correspond to the di, tri . . . » glucosic alcohols. 

Thus, if we establish the formulae which the first anhydrides of the 
different polyglucosic alcohols should have, it will be seen that here, 

2 i 2 
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as with the anhydrides of glycols and condensed glycerines, these 
formulas are the multiples of each other : 

j(OH)«) - (IPO) = (c*H w, j^0 H ) 4 ) = (CH‘00 5 ) 


Glucose. * Water. 1st glucosic anhydride. 



Triglucosic alcohol. Water. 1st trlglucosic anhydride. 


The formula (C°H ,ft O s ) of the first glucosic anhydride is that adopted 
to represent the composition of a series of bodies which can all produce 
glucose by being hydrated. 

These bodies arc different kinds of fecula and starch, which are 
designated by the general name of amylaceous substances ; inuline, 
cellulose, dextrine, and gums. 

Though having a constant composition, amylaceous matter, inuline 
and cellulose do not crystallize, and present a fibrous or cellular struc- 
ture which is readily recognized under the microscope. They form a 
large portion of vegetable matter. Dextrine and the gums do not 
possess either an organized or a crystalline structure ; they belong to 
that class of substances which are capable of forming masses, homo- 
geneous throughout without being crystalline, and which are called 
colloid bodies. 

The most simple fonnula that can express the constitution of these 
bodies is that of the first glucosic anhydride (C 8 H 10 O 5 ), but it is by no 
means certain that this formula really represents the weight of their 
molecule. Indeed, their organized, or at least their colloidal stato 
appears to prove that their molecule corresponds to a formula the 
multiple of the preceding. These bodies would therefore be the first 
anhydrides of the polyglucosic alcohols. They might even be these 
alcohols themselves, because analysis cannot decide between two 
formulas so nearly resembling each other as those of triglucosic alcohol 
(C^H 82 © 16 ) and that of its first anhydride (0 18 H 8 "0 la ). 

In order to determine the degree of molecular complication of the 
different bodies in question, we must take into consideration the fact 
before mentioned, that in the saponification of the glucosic ethers the 
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different substances which enter into their composition may be 
extracted one by one. 

If, therefore, starch be a diglucosic anhydride, under hydrating 
influences it should at once be resolved into two molecules of 
glucose. But if starch bo a triglucosic anhydride, or a triglucosio 
alcohol, it ought, under the influence of weak reagents, to divide 
first into glucose and diglucosic alcohol or anhydride, which by a 
further action would then be transformed into two molecules of 
glucose : 



1st triglucosic anhydride. Water. Glucose. 1st diglucosic anhydride. 


The latter is the case observed. M. Musculus has seen that when 
diastase acts on starch, this splits up into dextrine and glucose. Under 
# the influence of dilute acids at a temperature of 100°, dextrine in 
its turn is transformed into glucose. Starch ought consequently to 
be considered as a triglucosic alcohol or anhydride. When hydrated 
it gives glucose and dextrine, which represents a diglucosic anhy- 
dride; then this is resolved into two new molecules of glucose; 
starch ought therefore to be represented by one of the two formulae 
(G‘ 8 H 8f O ,fl ) or (C 18 H ao 0 13 ). 

It is evident that if starch be a product of condensation, cellulose 
must also be one, since its structure is still more organized. It is 
not known whether several kinds of cellulose exist or not. At present 
only one is known. But alkalies and boiling acids are used to purify 
it, and these means may possibly reduce to this one state products 
much more complicated. 

However this may be, a division similar to that undergone by 
starch has not been observed in the saccharification of the only 
cellulose known, and nothing can therefore be concluded as to the 
degree of condensation of this body. 

These remarks on staroh and cellulose, though still resting only on 
hypotheses, are of great importance. If the conclusions they present 
should be strictly proved, these bodies would no longer be regarded 
as givings rise to the sugars, but as being generated by them. 

Moreover, if the immediate nitrogenized principles of animals and 
vegetables, such as the albuminous substances and gelatine, be am- 
moniacal derivatives of the sugars, as certain experiments give reason 
to suppose, the sugars are the centres of production of all organized 
substances — the principal elements of organized bodies. 

These questions are doubtless very obscure, and do not at present 
admit of solution ; but the hypotheses arc deduced from known 
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facts so logically, and are of sncli importance, that I thought it 
necessary to mention them here. 

The compounds just reviewed as representing the classes of tetr-, 
pent-, and hex-atomic alcohols, have hitherto been included under the 
name of sugars. Thus crythrito, mannite, dulcite, the glucoses, cane 
sugar and its isomers were sugars. Wo have not thought it advisable 
to retain this genoral denomination, which is not based on any well- 
defined common characters.* 


Study of the Principal Polyglucosic Anhydrides. 

Cellulose (C®TT 10 O s )w. — Cellulose forms the basis of vegetables, 
in which it is mixed with different incrusting matters and mineral 
salts; it also forms pail of the substance known as chit in which 
constitutes the skin of the animals belonging to the class annulata. 

The composition and chemical reactions of cellulose are always 
the same; but there are properties which depend on its state of 
aggregation, and which vary according to the vegetables whence it 
is extracted. 

Cotton, paper, and old linen, which are almost entirely composed 
of it, are used in the preparation of cellulose, these bodies being 
freed from the incrusting matter they still conlaiu. To effect this, 
they arc boiled with a weak solution of potash, washed, and suspended 
in water, and a current of chlorine is transmitted through this liquid. 
They are then boiled a second timo with weak potash, washed with 
acetic acid, then with boiling water, and finally with alcohol and 
ether, after having been previously dried at 100°; they are then 
considered as pure cellulose. 

Puro cellulose is a white, diaphanous solid, insoluble in cold water, 
alcohol, ether, and the oils : its density is 1*525. 

Cellulose dissolves in the blue liquid obtained by leaving pieces 
of copper in ammonia exposed to the air ; hydrochloric acid preci- 
pitates it from this solution, but an excess of the reagent rcdis- 
solvos the precipitate. 

When pure, air does not affect it ; in wood, and under the simul- 
taneous influence of the nitrogenized substances with which it is 
mixed, air and moisture, it undergoes slow combustion, and is trans- 
formed into a brown friable substance. 

When brought into contact with sulphuric or concentrated phos- 
phoric acid, cellulose dissolves without becoming coloured. If water 
be added to the liquid, the acid saturated with baryta, and any excess 
of baryta removed by a current of carbonic gas, the liquid, when 
filtered and evaporated, leavos a gummy residue, insolublo in water, 
which is isomeric with cellulose, and is known as dextrine. 

* Set* “ Des Sucre*,’' pur A. Nuquct. 
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Concentrated nitric acid acts on cellulose, producing nitrous deri- 
vatives. That resulting from the most advanced substitution answers 
to the formula (C fl "H 5 "(N0*) 5n 0 4tt ). These products are very explosive. 
That prepared by means of cotton is called pyroxylin, or gun- 
cotton. It has been proposed to substitute it for gunpowder, but it 
is very liable to burst fire-arms. 

Gun-cotton is soluble or insoluble in a mixture of alcohol and ether, 
according to whether the substitution of which it is the result is moro 
or less complete. When soluble, it gives a thick product — collodion, 
which adheres to substances with which it is brought in contact. Col- 
lodion ifi used in surgery to unite tho edges of wounds, and in photo- 
graphy to fix impressionable substances on tho surface of glass. 

According to Bechamp, nitric cellulose is reduced to tho state of 
ordinary cellulose when submitted to the action of reducing agents. 
When distilled in a closed vessel with potash moistened with water, 
it gives hydrogen and wood-spirit ; melted with potash it gives potassic 
oxalate. 

Bure cellulose is not coloured blue by iodine ; but when it has under- 
gone a commencement of disaggregation by means of concentrated 
sulphuric acid, it becomes blue on the action of iodine. 

Cellulose also dissolves in boiling glacial acetic acid, giving a com- 
pound ethor which has not yet been analyzed. 

Amylaceous Matter (C rt M lo O')». — This substance is found deposited 
in grains in certain parts of plants, especially in the porisperin and 
cotyledons. Tho amylaceous matter extracted from potatoes is called 
fecula, and that obtained from tho cereals is named starch. The fccula 
of certain tropical plants is also used as arrow-root, sago, tapioca, etc. 

In order to extract the fccula contained in potatoes, these must be 
grated, and a stream of water directed on the pulp placed on a sieve ; 
tho fecula is carried away by the water into a receiver, at tho bottom 
of which it is deposited. Tho water is decanted, and the deposit is 
washed two or three times with fresh water, and dried. 

For laboratory purposes, in order to obtain fecula in a perfectly pure 
state, it is boiled in alcohol holding in solution 0*001 of caustic potash 
in order to remove a small quantity of fatty matter, and finally it is 
washed with alcohol and with water, and dried. 

Wheat starch is now extracted in a similar manner; the flour 
is made into paste with water, and this paste placed on a sieve and 
submitted to the action of a jot of water. Formerly the paste was 
fermented, tho nitrogenized matters became soluble, and the starch was 
obtained by washing the residue of the fer mental ion. This method 
gave less product than tho present process, and was unhealthy on 
account of the foetid emanations which exhaled during the fermentation. 

Amylaceous mattor constitutes a true organized material ; seen under 
the microscope, it appears formed of small grains. Those grains are 
composed of layers, which are closely superimposed, and are distin- 
guished from each other by their densities : they are disposed sym- 
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metrically round a point of tlie superficies of the globule, which point 
is called the hilum or umbilicus. 

The size and form of the amylaceous grains differ considerably 
according to the plant from which they are extracted. Their source 
may generally be determined by carefully examining their form under 
the microscope, and measuring their diameter. 

Amylaceous matter is insoluble in cold water; hot water penetrates 
it, its globules swell, and it is converted into a gelatinous matter. 
When this is diluted by water and filtered it gives a liquid which 
colours iodine blue. It was therefore believed that disaggregated 
amylaceous matter was soluble in water ; but Payen has shown that 
this is not the case. This phenomenon is entirely owing to the amyla- 
ceous substance passing through the filters. If hyacinth bulbs are 
plunged into such a liquid, the water alone penetrates them by endos- 
mosis, and the starch is deposited upon them in a solid state. 

Dilute acids entirely disaggregate the different species of fecula, and 
transform them into a soluble gummy substance known as dextrine, 
the same as is produced by the disaggregation of cellulose. The same 
transformation of amylaceous matter is also effected simply by the 
influence of a temperature of 1G0°' 

Certain albuminous substances in decomposition, such as diastase 
which is found in germinated barley, produce tho same metamorphosis 
when they are heated to 70 b with water and starch ; in this case the 
amylaceous matter appears clearly to bo divided into glucose and 
dextrine. 

Concentrated sulphuric acid rubbed up with amylaceous matter 
gives a compound acid containing the elements of the two bodies less 
one or more molecules of water ; when hot this mixture becomes 
charred. Nitric acid of the density of 1*5 dissolves starch; water 
poured into this solution gives a white precipitate known as 
xyloidin, and which is only a nitric derivative answering to the formula 
|C°IP(NO a )O v ]\ 

Starch, when mixed with water and albuminoid matters, undergoes 
lactic and butyric fermentations. 

Like cane sugar and cellulose, starch dissolves in glacial acetic acid, 
and gives acetic ethers which have not yet been analyzed. 

Dextrine (C°H 10 O 5 )*. — Dextrine is a product of the disaggregation of 
different kinds of starch or cellulose. It has already been seen how it 
may be procured from those substances. 

It is a gummy body, soluble in water, which it renders viscid. Its 
solution strongly deviates tho plane of polarized light to the right, 
from which property its name is derived. It is perfectly insoluble in 
alcohol, which indeed precipitates it from its aqueous solution. 

When a little potassic hydrate and a few drops of a dilute solution 
of sulphate of copper are added to a solution of dextrine, the mixture 
becomes white ; at 85° it deposits red crystalline sub-oxide of copper. 
This reaction clearly distinguishes dextrine from gum. Its aqueous solu- 
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tion is not precipitated either by the acetate or the sub-acetate of lead, 
but, if ammonia be added, a plumbic compound is precipitated whose 
formula is (C 6 H 10 O 6 ,PbO). 

Boiled for several hours in dilute hydrochloric or sulphuric acid, 
dextrine absorbs the elements of water, and is converted into glucose. 

(CTPO 6 ) + (H*0) = (C 8 H 18 0°) 

Dextrine. Water. Glucose. 


APPENDIX TO 1IEXATOMIC ALCOHOLS. 

Baccharometry. — The object of saccharometry is : 1st, to determine 
whether a body contains cane sugar or a sugar of the glucose series ; 
2nd, to ascertain whether cane sugar be mixed with glucose ; 3rd, to 
determine the proportions of these substances present, whether single 
or mixed. 

Cane sugar or glucose may be readily detected by submitting the 
liquid containing them to the action of yeast. Alcohol and carbonic 
anhydride are formed. 

Glucose is also easily recognized by means of reagents which will 
be spoken of presently, by the aid of which cane sugar can also be 
detected after having been inverted by boiling dilute sulphuric acid, 
or by hydrochloric acid. 

In order to discover the presence of glucose, either alone or mixed 
with cano sugar, one of the following processes may be employed. 

On boiling the saccharine solution with potash or soda, it becomes 
brown if glucose bo present. It is best to use the double tartrate of 
potassium and copper in alkaline solution, as this reagent is not 
affected by being boiled with cane sugar, whilst glucose or inverted 
sugar in these conditions precipitate the red sub-oxide of copper. This 
test is very delicate. 

The employment of bichromate of potassium has also been recom- 
mended. This is mixed with the saccharine solution while boiling. 
As the mixture cools it turns green if cane sugar be present. The 
solution of glucose does not under those circumstances assume a green 
shade, and if the cane sugar contain only a third of its weight of 
glucose the green colour which characterizes it will not be manifested. 
Below this proportion glucose docs not prevent the coloration, but its 
intensity^ not so great as it would be if the sugar were pure. 

The most important part of saccharometry is the determination of 
the proportions of sugar and glucose. The methods used to effect this 
are founded on either the chemical or the physical properties of these 
bodies. 

Chemical Processes. — 1st. Fermentation .-— This mothod of analysis is 
not exact, and is no longer used. It consisted in fermenting a known 
weight of pure sugar, and measuring the carbonic anhydride formed, or 
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of estimating the quantity of alcohol by means of the hydrometer. 
The substance to be analyzed was fermented, and the weight of sugar 
was deduced from the volume of carbonic anhydride or the quantity of 
alcohol it furnished. 

When the substance contained both glucose and sugar, the weight of 
the two was first ascertained by fermentation, then the glucose was 
destroyed by boiling with an alkali for a few minutes, when a second 
fermentation gave the weight of tho cane sugar, and the difference that 
of the glucose. 

2nd. BarreawiVa Procea8 . — This process is now preferred ; it is based 
on the reduction of alkaline solutions of the salts of copper by glucose. 
A solution is made of 40 gr. of pure crystallized sulphate of copper, 
000 or 700 gr. of the solution of caustic soda of a density of 1*12, and 
160 gr. of neutral tartrate of potassium dissolved in a little water. 
The cupric solution is gradually poured into tbo alkaline liquid, and 
tho mixture is diluted by a volume of water sufficient to cause it to 
occupy 11 54*4 cubic centimetres at a temperature of 15°. 

In order to determine the strength of this liquid, a certain weight of 
sugar-candy is inverted ; after measuring tho volume of the solution, it 
is placed in a graduated glass, and poured drop by drop into a small 
flask containing 10 cubic centimetres of the cupric solution added to 
40 of distilled water, and boiled. A yellow precipitate first forms, 
then a red one, which sinks to the bottom of tho vessel. The process 
is discontinued when the cupric solution is decolorized, and from the 
quantity of saccharine solution employed the weight of the sugar 
which corresponds to 10 cubic centimetres of this cupric solution is 
deduced. Generally, when the solution has been prepared in tho pro- 
portions indicated, 10 cubic centimetres correspond to 0*050 of dry 
glucose. 

This proportion being once ascertained, nothing is easier than to 
determine the quantity of sugar contained in a liquid, provided that it 
do not also contain bodies capable of reducing the cupro-potassic tar- 
trate. We have only to examine, by the operation just described, how 
much of this saccharine liquid is required to decolorize a given volume 
of the reagent. 

If a mixture of cane sugar and a reducing sugar is to bo analyzed, 
the proportion of the latter must first be determined, thon the cano 
sugar is inverted, and a new determination is made. On subtracting 
from the total quantity of sugar obtained in this second operation that 
of the reducing sugar given by the first, the difference will give the 
cane sugar. 

In order to complete the description, the processes of MM. Peligot 
and Dubrunfaut must bo mentioned. 

3rd. Peligot' a Method . — M. Poligot advises tho saturation of lime by 
the saccharine liquid, thon the determination of the proportion of this 
base by a volumetric solution of sulphuric acid, and the deduction of 
tho quantity of sugar from that of the lime. This process doos not 
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give exact results, because the saccharate of calcium dissolved in water 
has not a constant composition. 

4th. Dubrunfaut'a Method . — This process is much more exact. 
Dubrunfaut advises that the liquid to be analyzed be boiled with a 
volumetric solution of caustic soda. Then the soda which remains free 
is determined by means of a volumetric solution of sulphuric acid, which 
enables us to calculate the weight of the alkali which has entered into 
combination with tho acids derived from the glucose. The weight of 
this latter sugar is tlicncc deduced, the relation between tho weight of 
glucose and that of soda transformed iuto the neutral salt having been 
determined by a previous experiment. 

When this first operation is concluded, a second portion of the liquid 
to be analyzed is boiled with dilute sulphuric acid to invert the sacclia- , 
rose, and from the matter obtained the proportion of the reducing sugar 
is again determined by the same process. It is necessary in this case 
to deduct from the weight of the soda combined, that which has served 
to saturate the sulphuric acid, the solution of which was volumetric. 
The amount of the cane sugar is determined by the difference. 

Oitioal Sacchauomktuy. — We have already (page 9) given a brief 
general explanation of the action of bodies on polarized light, and what 
is meant by their being levogyrate or dextrogyrate. 

Biot has stated that, when a substance deviates the plane of polariza- 
tion of light, there is always a direct relation between the deviation 
observed and the thickness of the substance, its density, and its specific 
rotatory power. This specific power is, in other words, the devia- 
tion of the plane of polarization which the substanco in question 
would produce if its thickness were equal to unity, and if its density 
were also brought to unity by a suitable modification of the distance 
of its molecules. 

It results from the above definition that the molecular rotatory power 
of a substance of known density d , and thickness Z, will be obtained by 
dividing tho deviation observed a by the density and thickness, as the 
following equation indicates : 



in which r is the specific rotatory power sought for. 

In a solution let d represent the density of the active substance 
dissolved. This density may bo easily calculated, the weight of the 
substanco p and tho volume of the solution v being known ; tho active 
substance occupies tho same volume as the solution, and its density is 
given by tlio equation : 


(*o 


a 


p_ 
v * 


If d in tho first equation bo replaced by its equivalent it becomes: 

( 3 .) 


a av 
id \> ’ 
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which equation enables r to be determined when a , t\ l,p are known. 
Conversely, if r were known, and one of the equivalents a, », l, j p were 
unknown, it might be determined in the same way ; for instance, the 
weight would be given by the equation : 


(40 




Let us apply these-remarks to the analysis of the sugars. 

We know that cane sugar is dextrogyrate and that its specific rota- 
tory power is 73 • 8 ; if we have a solution of this body, and this 
solution when observed by the polarimeter in a tube the capacity and 
length of which are known, gives a deviation = a', we should only 
>havo to replace in the fourth formula the general equivalents a, t\ r, l 
by those found in the experiment, and we should have the weight of 
sugar contained in the solution by the calculation. 

Let us suppose that the cane sugar be mixed with glucose, which 
is dextrogyrate also ; in order to find the respective quantities of these 
tw r o sugars, it is necessary to determine the part, belonging to each in 
the total rotation. 

To arrive at this, the cane sugar is inverted by heating the solution 
for some minutes at G8° with 0 * 1 of hydrochloric acid ; after which the 
deviation b , which the liquid gives, is again examined. But, as the 
state of dilution of this latter has been increased by the addit ion of 
the hydrochloric acid, the observed deviation b must bo replaced by 

10 ri 

-°fb. 

We have then all the data necessary for the calculation. 

The deviation a ' before the inversion was equal to the amount of the 
individual deviations x of cane sugar and y of glucose. After the in- 
10 
9 

varied, diminished by the rotation to the left caused by the inverted 
sugar. This rotation is equal to ra, if it be admitted that a weight of 
cane sugar deviating by x gives a quantity of uncrystallizablcr sugar 
deviating by rx ( r having been determined by experiment). 

The two following equations may be given for the determination of 
the two unknown terms : 

Before the inversion, x -f y = a'. 

After the inversion, y — rx = b x 

If, instead of being mixed with glucose, cane sugar were mixed with 
inverted sugar which produces left-handed rotation, the above equations 
would assume the following form : 

Before the inversion, x — g = a! ; 

After the inversion, g + rx = b X — : 

* 9 


version,— b represents the deviation y of glucose, which has not 


10 
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tj representing the deviation arising from the inverted sugar. As the 
rotatory power of this latter varies considerably with the temperature, 
Clergct has constructed tables of correction which enable the operation 
to be conducted at any temperature. 

Biot’s apparatus is often replaced by that of Soleil. This saccharo- 
meter, which need not be described, has a double quartz prism formed 
of two plates of quartz, one dextrogyrate and the other levogyratc, 
placed in front of the analyzing prism. These plates are both cut t<^ 
an angle, and by causing one of them to rise or fall the thickness pre- 
sented to the rays of light diminishes or increases. When they are on 
the same level these two plates exactly compensate each other, and if 
the analyzing prism be suitably placed, a perceptible tint {teinte sensible ) 
is produced, which serves as a point of comparison. 

When this apparatus is used it must bo. exactly regulated at the 
teinte sensible , and the tube containing the substance is placed in the 
passage of the ray of light. The tint is then destroyed, and in order to 
restore it the thickness of the plate of quartz of the same rotation as the 
substance examined must, be diminished. A vernier scale indicates the 
precise decrease of thickness, whence the proportion of sugar contained 
in the solution is deduced. The quantity of sugar which, in a tube of 
known length and capacity, corresponds to a certain thickness of quartz 
is previously determined by experiment. 

When the sac char ometri cal process just described can he applied it 
is the most exact of all. Unfortunately, the presence of active foreign 
substances, or the coloration of the liquids to be analyzed, often renders 
its uso uncertain or impossible. However, in most cases, the action of 
colouring matters may be guarded against by precipitating with acetate 
of lead, and then filtering. 


MEECA1TANS AND THEIR ETHERS PROPER. 

On substituting sulphur, selenium, or tellurium for oxygen in the 
alcohols of different atomicity, sulphuretted, selcniuretted, or telluretted 
alcohols are obtained, which are designated as mercaptans, selcniuretted 
mercaptans, and telluretted mercaptans. 

Ethers proper correspond to these as to ordinary alcohols. These 
ethers are derived either by the substitution of an alcohol radicle for 
the typical hydrogen, as happens with monatomic mercaptans, or by the 
elimination of (IPS), as is the case with biatomic mercaptans. 

Monatomic Mercaptans and their Ethers. — Monatomic alcohols 
with the oxygen replaced by tellurium are not yet known, but those 
are known in which it is replaced by sulphur or selenium. 

Mercaptans and seleniuretted mercaptans are prepared by distilling 
the acid salts of sulphuric ethers with hydrosulphate or hydroseleniate 
of potassium. The acid salt of sulphuric ether may be replaced by a 
hydrochloric or hydrobromic other : 
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Chloride of Hydrosnlphate 

ethyl. of potassium. 


si ♦ m 

Chloride of Mercaptan, 

potassium. 



Salpliovinatr of Ifydrosaleniate 

potassium. of potassium. 


Neutral sulphate Seleniiirctted 

of potassium. mercaptan. 


On substituting a monosulphide, a motioselenide, or even a monotel- 
luride for the alkaline hydrosnlphate and hydroseleniate, the sulphides, 
selenidcs, and tellurides of alcoholic radicles aro obtained, that is to 
say, the ethers proper of the merca plans : 




R'l 

R'l 


On replacing the monosulpliides by bisulpliides, bisulphides of the 
ID 

same radicles jS* arc formed. 

Sulphuretted alcohols attack mercury, and their name originates from 
this (mercurinm cajjtai is). They are foetid bodies. Potassium and sodium 
may be substituted in them for hydrogen, tlic latter being set free. 
The}' undergo double decomposition with the greater part of metallic 
salts, giving precipitates which result from the replacement of their 
typical hydrogen by a melal. 

Mcrcaptans fix three atoms of oxygen under the influence of nitric 
acid : 


Mcrciiptuii. 




+ 


»<8f) 

Oxygen. 


K , ' I, ‘ s n} 0 ) 

KiliylMiIphuruud acid. 


The bodies thus produced have been wrongly regarded as sulphur- 
ous acid ethers. They are rather monatomic acids, the radicle of which 
is formed by the addition of sulphury 1 (SO*") to the alcohol radicle. 
They represent monobasic acids analogous to propionic acid, in which 
tlie biatomic group (CO") is replaced by the group (SO*") : 

(CW(SO'7j (> ) (CTnco’Tj,^ 

Ethylsulphuruus acid. Propionic acid. 


These acids may also bo prepared by tho oxidation of the bisulphide* 
of the radicles of alcohols : 


*©■■) + *(?}<>) + *(8}) - «(i™w"g} 0 ) 

Bi “ I rtUyl° f WatCT - Own. Mcthylmlpliunma acid. 

The selcninretted mcrcaptans aro foetid. They have liccn very little 
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studied. Their properties appear to 1)0 similar to those of their sul- 
phuretted congeners. 

The selenidcs and tcllurides of alcohol radicles act the part of 
compound radicles. They can unite directly with chlorine, bromine, 
and oxygen : 


(SPW + 

ii 

66 

(o$} W') 

Selenitic of 

Chlorine. 

Chloride of selenctliyl. 

ethyl. 



*(SSW 

Ii 

CO 

+ 

*(£S}™>) 

Telluride of ethyl. 

Oxygen. 

Oxide of tellurcthyl. 


Their oxides undergo double decomposition with acids and give salts. 
The bibromides and bichlorides of selenctliyl and tellurcthyl demon- 
strate the tetratomicity of tellurium and selenium, of which atomicity 
their perchlorides (Set V) and (To Cl*) have already furnished proofs. 

Quite recently M. Oefele has shown that the sulphide of ethyl may 
also act as a biatomic radicle. When it is heated with iodide of ethyl 
and a little water, it unites with this iodide and forms the compound 
([(J a IPj 8 SI) which results from the direct union of the elements of its 
components. The iodine of this body may be replaced by chlorine, 
bromine, hydroxyl, etc., and a series of compounds all containing the 
monatomic radicle (( !*IPy3' are the result ; the existence of such a 
radicle is another proof of the tetratomicity of sulphur which wo were 
the first to assert. 

Biatomic Mercaptans and their Ethers. — Biatomic mercaptans, that 
is to say sulphuretted glycols, are obtained by causing the dibromliy- 
drins of glycols to act on the alkaline hydrosulphates : 

+ 2(K}s) - ,(*}) + (c-H-'jP 

Bromide of Hydrosnlphato Bromide of Ilydrosulphate of 

ethylene. of putu>.siuiu. potussium. ethylene 

(othylenic mercaptan). 

Their anliydrosulphides, that is to say the sulphides of their radicles, 
are prepared by substituting a monosulphide for the alkaline hydro- 
sulpliate in the preceding operation : 

(«*"'{£) + (k} S ) - 2 («r!) + ( < ™‘ S ) 

Bromide of Monosulphide Bromide of Sulphide of 

ethylene. of potassium. potassium. ethylene. 

Only one of these bodies is well known, Ihe sulphide of ethylene, 
which has been studied by M. Crafts. This chemist has found that 
this body combines directly with bromine, giving a bromide (O a II 4 SBr*), 
which on contact with water is decomposed into liydrobromic acid 
and oxysulphide of ethylene. 
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(C'H'SBr*) + (JJfo) - 2(JJ r }) + (C'H'SO) 

Bromosulpblde Wutor. Ilydrobromic Oxysulphidr or 

of etbyli-iie. acid. ethylene. 

The same oxide (C*II 4 SO) is obtained by heating to 100° the sul- 
phide of ethylene with monohydrated nitric acid. It is soluble in 
water and crystallizable. Potash decomposes it. At 1£>0°, nitric acid 
transforms it into a new oxide, which is also crystallizable and which 
has the formula (C*H 4 SO*). This latter is entirely insoluble in water; 
it dissolves in fuming nitric acid, from which it is precipitated by 
water; potash also dissolves it, and acids do not precipitate it from 
this solution. The alkalies appear therefore to transform it into a 
body possessing new and feebly acid properties. 

Triatomic Mercaptans (Sulphuretted Glycerines). — These bodies 
have been obtained by the action of glyceric triehlorhvdrins on the 
hydrosulphato of potassium. They are as yet imperfectly known. 


PSEUDO-ALCOHOLS. 

In the formula? given fur the alcohols, wo have always admitted the 
existence of a radicle of an atomicity ecpial to the number of atoms of 
typical hydrogen contained in these alcohols. Liebig was the first to 
admit the presence of these radicles in the monatomic alcohols, which 
were then the only ones known. Dumas regarded the constitution of 
these bodies differently. Tie considered them as resulting from the 
union of water with a hydrocarbide analogous to ethylene. 

Ordinary alcohol would be expressed according to these two theories 
by the following formula} : 

(°n» 

Liebig's theory. Theory of I Mimas. 

Liebig’s theory accounting for tho reactions of the alcohols better 
than the other, tho formula! tlienco deduced woro tho only ones 
employed for some time; but recently M. AVurtz discovered a class 
of compounds, isomers of tho true alcohols, the properties of which 
cannot be well understood except by attributing to them tho formulae 
Dumas formerly gave to tho alcohols proper. Wurtz calls these bodies 
pseudo-alcohols. 

Not only are pseudo-alcohols isomeric with tho alcohols known, but 
pseudo-glycols, isomeric with tho glycols, are also known ; and pro- 
bably for every degree of atomicity two parallel scrios exist. 

Preparation. 1st. IV henevor the second general method of preparing 
monatomic alcohols is applied to other hydrocarbidos than ethylene 
and propylene, it gives rise, not to an alcohol but to a pseudo-alcohol ; 
and this is the case whether the method by liydracids or that by sul- 
phuric acid he employed. 
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2nd. It has been seen that on treating tetratomic hydrocarbides 
(C’ , H* , ~ i ) with hydriodie acid they combine either with one or with two 
molecules of tho acid. If these hydriodie derivatives be submitted to 
the action of acetate of silver, and the acetate formed bo saponified by 
potash, a monatomic pseudo-alcohol having tho formula (C' l H ftl " 2 ,ll 2 0) 
is obtained from the monoliydriodic derivative, and a pseudo- glycol 
II *0) from the bihydriodic derivative. 

Properties of Monatomic Pseudo- Alcohols. — 1st. When a mona- 
tomic pseudo-alcohol is treated with concentrated sulphuric acid, it 
splits up into water and the hydrocarbide whence it arises. Under the 
same conditions, the alcohols proper produce a sulphovinic acid, 
which, when saturated with baryta, gives a crystallizable salt. 

2nd. When heated to 200 -250", the pseudo-alcohols split up into 
a hydrocarbide and water : 

(( ,5 H 10 ,ll B O) = (CIl 1 ') + (WO) 

Il 3 'ilrate of ainyl«ii*\ Aniyloiio. Watrr. 

The true alcohols present greater resistance to tho action of heat. 

3rd. 1’romine added to a pseudo-alcohol displaces water and unites 
with the hydrocarbidc. Chlorine gives the same reaction, but secondary 
products are also formed : 

(c 4 ir",u ! o ) + = (hw) + (15 1 o) 

Hydrate of Mmuiino. Hromide of Water, 

butylene. butylene. 

Ordinary alcohols, on the contrary, lose IP in this ease and give 
derivatives of substitution. 

4th. Sodium disengages hydrogen for which it is substituted. In 
this case the pscudo-alcoliols act in the same manner as the alcohols. 

fitli. When treated by hot acetic acid, in closed vessels, the pseudo- 
alcohols give water, amylone, and a very little of the acetic ether 
which corresponds to them. 

Gth. Cold hydrochloric, hydrobromic, and hydriodie acids decompose 
the pseudo-alcohols, giving rise to a hydroclilorate, hydrobromate, or 
liydriodate of their hydrocarbide, and water. These hydriodates are 
identical with those produced by the direct action of the hydraeids on 
the hydrocarbides : 

(cMpyro) + ; r ,| ^ ( ( " TT "oi ! ) + (h}°) 

Hydrate or llyilrwliliiiio 1 Ivtlr«Hrli 1« »r;ito Watrr. 

amylone. * add. of nniylciie. 

7th. Chlorlml rates, bromhydratos, or iodhydrates, have a lower 
boiling point thau that of the simple ethers of tho true alcohols, with 
which ethers they are isomoric. 

8th. Tho iodhydrates react on moistened oxide of silver in tho cold, 
while tho hydriodie ethers of the true alcohols only react when hot. 
These latter only give in this reaction an alcohol and a little of its 
ether. The iodhydrates, on t-lie contrary, give a product which is to 

2 k 
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the pseudo-alcohol what the ethers proper are to the alcohols, and a 
portion of tho hydrocarbide is re-formed. _ . 

9th. The acetate of silver reacts only when hot on the hydriodic 
ethers of the alcohols, forming an acetic ether. When cold it reacts 
on the iodliydrates, giving an acetic ether of the pseudo alcohol and 
re-forming a certain quantity of tho hydrocarbide. 

10th. The iodliydrates decompose by heat into hydriodic acid and 
hydrocarbide. The hydriodic ethers of the alcohols are much more 
stable. 

11th The iodliydrates when heated with an alcoholic solution of 
potash give iodide of potassium, water and part of the hydrocarbide is 


re formed : 




(tfH.TTl) 

+ 

aw 

it 

(C‘ Ir ) + (*}') + (5}o) 

Hydrlodiite of 
butylene. 


Potash. 

Butylene. Potassic Water, 

iodide. 

In these conditions the true hydriodic ethers give a mixed ether : 

(T}) 

+ 


+ (5W - (S?}») 

Iodide of 
amyL 


Ordinary 

alcohol. 

Potash. Oxide of ethyl 

uud amyl. 


+ (h}°) + (?}) 

Water. Iodide of 

potassium. 


12th. The ethers proper derived from pscudo-alcoliols, participate 
in the properties of these bodies. Heat splits them up, and hydriodic 
acid transforms them into water and iodliydrates. These characters 
distinguish them from the ethers of the true alcohols. 

13th. Oxidants do not give ether acids or aldehyds with tho pseudo- 
alcohols. Less carbonized substances are produced, which are mostly 
identical with those resulting from the direct oxidation of the liydro- 
carbide contained in the hydrate. 

14th. The vapour density of the hydrochlorate of amylene corresponds 
to two volumes, as is the case with nearly all well-known bodies. At 
a high temperature this density corresponds to four volumes. In this 
case there has been decomposition, and free hydrochloric acid is found 
on opening the flask. Nevertheless, during the cooling, part of the 
acid and hydrocarbide again combine. 

The properties of the monatomic pseudo-alcohols corresponding to 
the formula (C“H 8w O) are imperfectly known. They appear to be ana- 
logous to the preceding. 

Properties of Pseudo-Glycols.— These properties have been less 
studied than those of the pseudo-alcohols. A single characteristic 
clearly distinguishes the pseudo-glycols from the glycols proper. 
Under the influence of hydrochloric acid, these latter only exchange 
(HO) for Cl and give chlorhydrins, whilst the pseudo-glycols exchange 
2(HO) for Cl* and give the dichlorhydrins : 
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(<T» + 

II 

we 

(S}°) 

+ 

CT\o 



01 ' 

Amyl-glycol. 

Hydrochloric 

Water. 


Hydrochloric. 


acid. 



amyl-glycol. 


2 (ci|) = 

2 (S|°) 

+ 


Bibydrutc of diallyl. 

Hydrochloric 

acid. 

Water. 


Bihydrochloraie. 
of diallyl. 


> Constitution and Nomenclaturk. — Wurtz admits that in ordinary 
alcohols all the atoms of hydrogen except those that are typical are 
directly united to carbon, while the atoms of typical hydrogen are 
united to the atoms of oxygen which saturate the carbon by one of 
their affinities. It would bo the same with pseudo-alcohols, except that 
in the radicle there would be atoms of hydrogen equal to the number 
of atoms of typical hydrogen, which would be more feebly united to the 
carbon than in the alcohols, and which consequently could be readily 
detached. Therefore, though the pseudo-alcohols cannot be considered 
as direct combinations of water with a liydrocarbide, these bodies act as 
if the}' were such combinations. In conformity with this hypothesis 
they may be represented by rational formulas analogous to the following, 


which Wurtz proposes for the amylic pseudo-alcohol : 


(C"n-)n}o]. 


The diallylic pseudo-glycol, in order to be represented by a similar 


formula, ought to be written : 



As, though the}' do not contain water already formed, these bodies 
act as if they did, they may be designated as hydrates of their funda- 
mental liydrocarbidcs. Thus amylic pseudo-alcohol would be the 
hydrate of amylene, diallylic pseudo-glycol would bo the dihydrate 
of diallyl, etc. The simple ethers of the pseudo-alcohols are called 
iodhydrates, bromhydrates, chlorhydrates, etc., of their hydrocarbides. 

At present the following pseudo-alcohols have been prepared : 


Butylic pseudo-alcohol ^ ^ j O 

Amylic pseudo alcohol [(C''H ,0 )H^'| () 

Hoxylic pseudo-alcohol ^ | 0 

Diallylic pseudo-alcoliol ^ ^ | 0 

Diallylic pseudo-glycol [(C"H ,0 )IPJj O 2 


The octylic pseudo-alcohol has not been obtained. A V lien treated by 
the oxide of silver, the iodhydrate of octylcno gives octylene and very 
slight traces of an oxygenated product. 
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There are bodies whose properties appear to resemble those of the 
pseudo-alcohols, such as peppermint, camphor or menthol (C^H^O), and 
the different hydrates of the essence of turpentine. Menthol would 
be a pseudo-alcohol of the (OTP’O) series, and as this body cannot 
combine with nascent hydrogen, it should be considered as saturated. 


COMPOUND AMMONIAS. 

The name of compound ammonias or amines is given to bodies which 
are derived from ammonia (NH 3 ) by the substitution of alcohol 
radicles for the hydrogen. There exist also organic bases which are 
derived in the same manner, not from ammonia (NH 3 ), but from the 

hydrate of ammonium | 0.^ 

Amines may be derived from one, two, throe, four, n molecules of am- 
monia, and are called accordingly monamines or simply amines, diamines, 
triamines, tetramines, etc., to indicate their degree, of condensation. 

Amines might therefore be classed according to this degree of 
condensation, and considered successively. But as polyatomic like 
monatomic alcohols may give rise to monnmines, it will bo more con- 
venient to unite all the ammonias derived from alcohols of the same 
atomicity into one class, whatever may be their degree of condensation. 

The nitrogen of organic bases may bo replaced by phosphorus, 
arsenic, or antimony; from which substitution there arises a second 
class of bodies which may be considered intermediate between the 
nitrides of alcohol radicles and the combinations of these radicles 
with the metals and metalloids which do not belong to the nitrogonized 
group. 


AMINES DERIVED FROM MONATOMIC ALCOHOLS. 


The radicles which may be derived from a monatomic alcohol are 
always monatomic. The amines of this class never therefore contain 
radicles the capacity for saturation of which is greater than one. They 
are always derived from a single molecule of ammonia, and are mona- 
mines. 

. n ) 

In ammonia H > N, the hydrogen may bo replaced either wholly or 

in part by the radicle of one alcohol or by radicles of different alco- 
hols. From three different alcohol radicles R R' R", we may obtain 
the compounds : 



N 
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/Nil 4 ) \ 

Resides, in the hydrate of ammonium f ^ ! Oj, the four atoms of 

hydrogen may be replaced by four alcohol radicles either different or 

( RR'R"R"'N ) \ 

IT l 

in 

r rhose bodies answering to the formula II V N are called primary 

11 ) 

monamines or amides; those of the form IV V N are called secondary 


monamincs or imides bases ; those of the form E' > N aro tertiary mona- 

R"J 

mines or nitrilo bases ; and bodies of the fourth group, whose general 
RR'R"li'"N ) 

formula is ^ > 0, are generally designated as hydrates of 

quaternary ammoniums. 

r k kpa k atj ox of tub Pium a ny Moxaminks. — These bodies may be 
procured by several processes, those of Wurtz, Hofmann, Zinin, and 
Mcndius. Some of these compounds may be formed by special re- 
actions which are not applicable to all the series. 

Wurtz’s Process . — When cyanic acid is distilled with an excess of 
alkali (see Cyanogen Compounds), an alkaline carbonate and ammonia 
are obtained : 

(‘ Ti } °) + 2 (li}°) - (%}«•) + ({}}*) 


Cyanic aciil. 


Carbonate of 
lHitas8iuu). 


If instead of causing potash to act with cyanic acid, that is to 
say, with the cyanatc of hydrogen, a cyanic ether, in other words, the 
cyanato of an alcohol radicle bo submitted to the action of this alkali, 
one of tho three atoms of hydrogen which in the preceding reaction 
gave rise to the formation of ammonia is replaced by an alcohol 
radicle. The ammonia obtained therefore contains a radicle of alcohol 
substituted for hydrogen. 

( i *f°) + 2 (k}°) - (%\») + (H} n ) 


Cyanic ether of 
a monatomic alcohol. 


Potassic carbonate. 


Primary 

monainide. 


All the primary compound ammonias are obtained by distilling 
cyanic ethers with an excess of potash. The product is generally col- 
lected in hydrochloric acid, and when the hydrochlorate is obtained 
dry, the alkaloid is extracted by the same process as is used to obtain 
ammonia from sal-ammoniac. 

Hof mann's Process . — Hofmann mixos an alcoholic solution of am- 
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monia with the simple ether of an alcohol ; there is then produced a 
primary compound ammonia, and a hydracid which remains united to 
this ammonia : 



Hydriodlc Ammonia. Iodide of a primary compound ammonium, 

ether. 


The compound ammonia is then separated from the iodide formed by 
distilling this salt with lime. 

Nitric ether may bo substituted for simple ethers in this process. 

Process of M. Mendius . — Mendius obtains prinuwy ammonias by sub- 
mitting hydrocyanic ethers to the action of nascent hydrogen. A baso 
is thus produced which, on the replacement of hydrogen, contains, not 
the radicle which existed in the hydrocyanic ether, but its first higher 
homologue : 


(s'!) * <si) - (TH 


Cyanide of 
methyl. 


Hydrogen. 


Kthylainine. 


Zinin's Process . — The preceding processes are applicable to all the 
series of which the alcohols are known. That of Zinin, on tho contrary, 
can only be applied to the aromat ic series and to tho series less hydro- 
genized than it. It consists in treating the fundamental hydrocarbide 
of the series with nitric acid. A nitrogenized product will be obtained 
which, when submitted to the influence of reducing agents, loses its 
oxygen and fixes IP. Thus an ammonia is produced containing the 
monatomic radicle derived from the hydrocarbide employed by the 
elimination of hydrogen : 

Ex. (C 7 H 8 ) + (N1I0 3 ) = (C 7 H 7 (NO*)) + IPO 

Toluene. Nitric acid. Nitro- toluene. Water. 

COT(NO>) + »(“}) . 2^} 0 ) + (TJk) 

Nitro-toluene. Hydrogen. Water. Toluidlue. 


Different reducing agents may be employed. Sometimes the hydro- 
sulphate of ammonia in alcoholic solution is used : in this case the am- 
monia is set free, the sulphur is deposited, and the nascent hydrogen 
produces the reaction indicated ; sometimes the nascent hydrogen is dis- 
engaged by iron and acetic acid, sometimes by sodium amalgam, and 
sometimes from hydriodic acid, the iodine of which becomes free. 

Recently, Cannizzaro has prepared the primary ammonia of 
the benzoic series by the processes of Messrs. Wurtz, Hofmann, and 
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Zinin. He found that the alkaloid obtained by the two first methods 
constitutes a single product, isomeric with that obtained by the third 
method. This latter differs from the other two, possessing a less 
marked basic character, and containing a phonic instead of an alcohol 
radicle. (See Phenols.) 

Reactions which give hise to Primary Monamines. — When nitro- 
genized organic substances are submitted to distillation, either alone or 
in presence of a powerful alkali, the volatile alkaloids of this class are 
formed. Thus the oil of pit-coal contains aniline, and certain oxyge- 
nated vegetable alkaloids give methylamine when distilled with potash, 
etc. These reactions may be useful in the preparation of certain or- 
ganic bases, but do not possess any general interest. 

Preparation of Secondary Mon am inks. — Secondary monamines have 
as yet only been obtained by Hofmann’s process. They arc prepared 
by heating a mixture of a simple ether and a primary monamine in a 
hermetically-sealed tube. The reaction is the same as that which 
furnishes the primary ammonias by means of ammonia and a simple 
ether : 



Primary Hydriodiu lodiile of a secondary ammonium, 

momutiine. ether. 


The base is then extracted from its iodide, as with alkaloids of the 
first degree. 

Preparation of Tertiary Monamines. — These are also obtained by 
Hofmann's process. The secondary base is heated with a simple other 
and the tertiary ammonia is taken from the iodide formed : 



Secondary Hydriodlc Iodide of a tertiary ammonium, 

monamine. ether. 


Preparation of Hydrates of Quaternary Ammoniums. — When a 
simple ether, especially hydriodic other, is heated with a tertiary base, 
a diroot combination takes place, and an iodide of a quatemaiy am- 
monium, whioh is generally crystallized, is obtained : 



Tertiary Hydriodic Iodide of a 

monamine. ether. quaternary ammonium. 
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The hydrate of ammonium cannot be isolated by distilling the 
iodide with potash, as this hydrate is decomposed by distillation; but 
if oxide of silver be made to act on an aqueous solution of the iodide, 
iodide of silver is formed, and the hydrate sought for remains dissolved. 
On filtering the liquid and ovaporating in vacuo it is obtained 
crystallized : 



Iodide of u quaternary Oxide of Water, 

ammonium. sliver. 


2 ( A i!) + 2 o~ 

Iodide of Ily'drate of n quaternary 

silver. ummoniuni. 

Separation of Monaminks of diffeuknt Deguees. — AVlien an alco- 
holic solution of ammonia is submitted to the action of a simple other, 
the reaction is far from being so simple as we have hitherto supposed. 
In reality, instead of only giving rise to a primary monanime, this re- 
action gives rise to all the degrees of substitution possible, and a mixture 
of the iodides of the primary, secondary, tertiary, and quaternary ammo- 
niums is obtained, as the following equation indicates: 


10 (Nil 8 ; 


Ammonia. 


+ 



Ilydriudii- oilier. iodide id’ iodide of 

primary ammonium, secondary ammonium 



Iodide of Iodide of Iodide of uininoniuui. 

tertiary ammonium, quaternary uinmouiutu. 


In order to separate these different bodies, Ilofmann first distils the 
whole with potash. The iodides are decomposed, free ammonia passes 
over, and tlio hydrate of quaternary ammonium which is formed is 
decomjxised by the distillation, giving a new quantity of the tertiary 
base : 



Hydrate of totrotliyl- Trietliyluminc. Water. Kttivbii"- 

ammonium. 


The distilled product contains the ammonias of the three first degrees. 
This mixture is treated with the oxalate of ethyl. The primary base 
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gives rise io a double decomposition, and a precipitate forms which is 
/C'0‘") \ 

oxamiduf IT* >N 2 |, in which H 2 is replaced by two molecules of 

\ H’ J / 

the radicle the base contained : 



Primary ammonia. Oxalate of ethyl. Oxamidc in which Alcohol. 

ll 2 take the place of II 2 . 


This precipitate when collected, washed with alcohol and with water, 
and distilled with potash, gives the primary base in a pure state : 


(TH + 2 (" ! °) ■ + 2 @ k ) 


Oxamidc in which 
ll z takes the place of 1 1 *. 


I’nta&h. 


Oxalate of potassium. 


Primary base. 


The secondary ammonia also undergoes a double decomposition in 


presence of tbc oxalate of ethyl ; oxamate of ethyl 



is produced, in which IP is replaced by two atoms of the radicle of 
the secondary ammonia : 



Oxalate of ethyl. Secondary Alcohol, 

ninutoniu. 


Oxamate of ethyl in which 
It- is substituted for II 2 . 


This new liquid body is easily separated from the precipitate from 
which the primary ammonia is extracted ; it is also readily separated 
from the tertiary ammonia, on which oxalate of ethyl does not act, these 
two bodies having very different boiling points. 

This oxamate distilled with potash gives potassic oxalate, alcohol, 
and the secondary base. To separate this latter from the alcohol, it is 
saturated with hydrochloric acid, evaporated to dryness, and the base 
extracted from its hydroeblorate by means of lime : 


re* O 2 ” ) 
L(CTi 5 )( 



Oxmnutc of ethyl in which 
K 2 is substituted for H-. 



Potash. 



Oxalate of ]>otassium. 


mw + (“H 


Alcuhi'l. 


Secondary 

ammonia. 
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It has been seen that the tertiary base is readily extracted by frac- 
tional distillation, from the liquid mixture from which the primary base 
is precipitated. Submitted to the action of an hydriodic ether it furnishes 
the iodide of quaternary ammonium in a pure state. 

Properties of Primary, Secondary, and Tertiary Monamines. — 
1st. In the free state all these compounds correspond to the ammonia 
type. Like ammonia itself, they unite directly with acids without 
elimination of water. The salts which form belong to the type of 
hydrate of ammonium, either simple or condensed, according to the 
atomicity of the acid which reacts. 

2nd. When these bases are soluble, the primary are more so than the 
secondary, which in their turn arc more so than the tertiary bases. 

3rd. The primary bases are more strongly alkaline than the 
secondary, and these than the tertiary. We have an example of this 
in the benzilic bases recently prepared by Cannizzaro. Benzylamine 


CIH' 


is such a powerful base that it absorbs directly the carbonic 


anhydride of the air. The tribenzyl amine 


B«) 


on the contrary, 


has only a weak affinity for acids. 

4th. When nitrous acid acts on a primary ammonia in aqueous 
solution, the radicle contained in the ammonia is transformed into its 
alcohol ; water and free nitrogen are also produced. 



Ktbylamiue. Nitrous acid. Alcohol. Water. Nitrogen. 


When nitrous acid acts on the alcoholic solution of an aromatic alka- 
loid of the radicle of phenol, nitrogen is substituted for three atoms 
of hydrogen, and the nitrogenized product remains combined with a 
molecule of the original body. 


Ex. 2(c‘ , Il”s) + (NHO*j 

Aniline Nitrous acid, 

(phcnylamine). 



Nitrophcnyl- 

diamine. 


2(n*oJ 

Water. 


Under the influence of an excess of the nitrous acid, the new body 
undergoes the substitution of ft for II 8 a second time : 

N> ) + (KHO*) = 2(Wn») -f- 2(H 2 0j 

Nltrophenyl- Nitrous acid. Dinitro-benzol. Water, 

diamine. 


These compounds are obtained in the state of nitrates : those among 
them which are analogous to dinitro-benzol may be prepared not only 
by the action of nitrous acid on bodies which are analogous to dinitro- 
phenyldiamine, being formed by the direct action of nitrous acid 
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on the nitrates of the primary aromatio alkaloids dissolved in nitric 
acid and cooled. 

(CIFN’) + (NHO*) = 2(H*0) + (C*H 4 N ! ) 

riionylomine. Nitrous acid. Water. Dinitro-benzol. 

Boiled with water, dinitro-benzol and the analogous bodies lose 
nitrogen, and give rise to the hydrate of the radicle which existed in 
the alkaloid from which they are derived : 

(oTTN*) + (H‘Oj = ( C 'h}o) + N* 

I Mnitro-bcnzoL Water. Phenol Nitrogen. 

(hydrate of plienyl). 

Treated with hydrochloric, hydrobromic, or liydriodic acid, they give 
rise to a chloride, bromide, or iodide of the radicle existing in the 
original alkaloid : 

(GTI *X*) + (II Hr) « (CWBr) + N 2 

Dinitro-benzol. Hydrobromic Bromide of Nitrogen, 

add. phenyl. 

Gricss, who discovered these comiiounds, ndmits that, they are 
derived from the fundamental hydrocarbide of the series by the substi- 
tution of N* for IT*. Kekule, on the other hand, regards them 

differently, on the ground that they can exist in a free state, which 

has not been demonstrated, as they have only been obtained in 
the state of sails.* lie thinks that an atom of hydrogen in the 
fundamental hydroearbide is saturated by one of the three atomi- 
cities of an atom of nitrogen (regarded as triatomic) : the two remain- 
ing atomicities would be saturated by two atomicities of a second atom 
of nitrogen, and the atomicity which remains free in this second atom 
of nitrogen would be saturated by chlorine, bromine, or the halogen 
residue of nitric acid, as the following figures show: 

0 II 0 II C' H A 

C I rzi _ i . ) (l) (. !___!* i ■_) i o ( I ■« l !_') (I) I 

$ CO (T _ i I !_) ( i i n T ) (0 ti I I U 

II C II C H C 

= C fi II e 

Benzine. 

C II 0 11 C H . 

HDD ® T 

(i) i i i l l) 

II C 

fc-jj N 

Br®a 

= (CIIN'IIBr) 

Hydrobromatc of dinitro-benzol. 

The hypothesis of M. Kekule explains the reactions of these bodies 
* The product described as free dinitro-benzol has not been analyzed. 


cxztzcd (0 cTzrmzT) (§> 
l co err ■ ■_■ ") ton 
* II c *1 c 
N HH 
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very well. To give an instance of this : when hydrobromic acid acts 
on them, the hydrobromate, of which the formula is given above, is 
first produced, then the nitrogen is separated in a free state and leaves 
the bromine, which unites with the carbon at the point previously 
occupied by nitrogen, and thus gives rise to the bromide of phenyl. 

The action of nitrous acid on the ammonias of a more advanced 
degree of substitution is not yet known. 

5th. Certain primary ammonias, belonging to the aromatic series, 
and obtained by Zinin’s process (phenic ammonias), can, under tho 
influence of chloride of carbon, chlorido of tin, arsenic acid, pomitrate 
of mercury, nitro-benzinc, and the chlorinating or oxidizing agents in 
general, produce new and much more complicated bases, the salts of 
which present voiy beautiful colours, and are successfully used for 
dyeing. This property has especially been observed in aniline and 
toluidine. Hofmann states that this character belongs exclusively to 
the mixture of the two bases and not to each one taken separately ; 
but his opinion is contested. 

6th. Tho hydrochlorates of the compound ammonias readily dissolve 
in absolute alcohol, a property which enables them to he separated from 
the chloride of ammonium, which is almost insoluble in that liquid. 

7th. With the bichloride of platinum, these hydrochlorates form 
double chlorides whose composition is analogous to that of the double 
chloride of platinum and ammonium. Sometimes these precipitates are 
scarcely soluble at all in the cold, sometimes they are more so; they 
always crystallize readily and arc very useful for fixing the composition 
of the alkaloids, and enable us to judge of the purity of these products. 

8 th. When a primary aromatic monamino is submitted to tho simul- 
taneous action of acetic acid and phosphorous chloride, chloride of 
acetyl is first formed, which converts a portion of the alkaloid into an 
amide, containing the radicle acetyl and the radicle originally contained 
in the monamine (Hofmann). 


CIH + ™ + RH 


Aniline. 


Chloride of acetyl 


Hydrochloric 

acid. 


I*lunyl-acotiimidc. 


Phosphorous chloride then acts on the mixture of the undecom- 
posed primary alkaloid and the amide formed in the first stage of 
the reaction. The elements of a molecule of water are eliminated ; 
the oxygen is furnished by tho acid radicle and one atom of II by a 
molecule of the monamine, the other being given by a molecule of the 
amide. The acid radicle deprived of O" then becomes triatomic and 
unites the two molecules, giving rise to a diamine : 


(TH + RH - ( h !°) 


+ 


Tuluidinc. 


Iteuzyl-ucotamide. 


Water. 


/ 0*H a '" | \ 

I (tm 7 / 1 n j | 

Kllimyl-dibeiizyl- 

diaminc. 
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Under the same conditions the secondary aromatic monamines 
undergo an analogous transformation, only the product no longer 


contains typical hydrogen. 


/cm") \ 


/C a H 3 0) \ 

chHni 

+ 

cn-l n I 

\ hJ / 

\ Hj J 


Diphenyl-amino. Phenyl- ace tamide. 



Water. Ethenyl-triplienyl- 

diamine. 


9th. The haloid salts of a compound ammonium 



Br or I) split up on distillation into a simple ether and a base 



1 CTP 


Icm 6 

cm* 

•N,l 

\CMP 

1 / 


Iodide or tetretliyl- 
uuimoiiium. 



Iodide of etliyl. 



Trietbylaminc. 


Properties of tiie Hydrates of Quaternary Ammoniums. — 1st. 
They are solid bodies which crystallize when their solutions are eva- 
porated in vacuo. They are deliquescent, and attract moisture like 
caustic potash and soda. 

2nd. They absorb carbonic anhydride directly. 

3rd. W hen distilled they decompose, producing a tertiary ammonia 
and water. A liydrocarbide is fonned at the same time, derived from 
one of the four alcohol radicles by the elimination of II. When the 
hydrate decomposed contains several different alcohol radicles, it is 
always that which is the least carbonized which is separated from the 
group : 

rw 1 “h 

fel'J 0 - (1:,} S ) + (3h) + ( <m ') 

Jlj 

Hydra to of ethyl-propyl- Propyl-butyl- Water. Ethylene. 

luityl-aiiiy l-ummonium. nmy lumino. 

There is, however, an exception to the above rule. W T hcn the 
hydrate contains methyl (GIF), it is not separated as water and methy- 
lene, hilt as methylio alcohol : 



Hydrate of triothyl-motbyl- Triethyl-amine. Metbylic alcohol, 

ammonium. 


4th. Treated by the hydracids, the hydrates of ammoniums furnish 
haloid salts. Their chlorides givo precipitates with the bichloride of 
platinum, or at least double salts which readily crystallize. 
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Nomenclature of the Compound Ammonias derived from Mona- 
tomic Alcohols. — The ammonias of the first three dogrees, in the free 
state belong to the ammonia type ; in the stato of salts they bolong to 
the ammonium typo. It thence arises that each of them has two names, 
according as it exists freo or combined. 

If the ammonia be free, it is called an amine, and the namo of the 
radicle substituted for the hydrogen is placed before this word. Then 
the syllables mono, di , tri , are prefixed to the name of this radicle to 
indicate its proportion in the compound ; generally, mono is suppressed. 

When there are different radicles present, the name of each is .placed 
before the word amine , care being taken to put the syllable di before 
that one of which the compound ammonia contains two molecules, 
supposing there to be such a one. 


Thus the compound 



is called cthylamine ; the compound 



dipropylamine ; the compound 


C*1V 1 ) \ 

( *11" > N ), triamylaminc ; 

,C 5 II n J / 


the compound 


(CW ) V 

|C 2 H 5 > N |, methyl-ethyl-phenylamine; the compound 
\C c IPj / 



dimethyl-amylamino, etc. 


AVhen these bodies enter into saline combinations it is in the state 
of ammoniums. The names of these compounds are formed in tho same 
manner as those of tho amines whence they arc derived, by simply 
substituting the word ammonium for amine. Thus, the chlorides of 
the ummoniums derived from the different ammonias we have given 
as examples would be the chlorides of ethyl -ammonium, dipropyl- 
ammonium, triamyl-ammonium, me thy 1-ethyl-phenyl-ammonium, and 
dimethyl-amyl-ammonium . 

The quaternary ammoniums are named after the same rules. The 


body | O j, for instance, would be the hydrate of tetrcthyl- 

ammonium ; the body ^ ^ ^ ^ jj | 0*^ would bo the hydrate of 
diethyl-dipropyl-ammonhim ; the body j ( WO uld be the 


hydrate of trimethyl-amyl-ammonium ; the body 


Cn*,C ! H 6 ,C M lI , ,C 6 Il ,, ,N 

H 



.would he the hydrate of mcthyl-ethyl-butyl-amyl-ammonium. 
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Appendix to the Monamines derived from Monatomic Alcohols. 


Pseudo- Amylamine. — Wurtz has obtained this by distilling the 
cyanic ether of amylic pseudo-alcohol with potash. Contrary to what 
might be expected considering the properties of the pseudo-alcohols, 
this base cannot be divided into ammonia and amylenc. Wurtz 
explains this phenomenon in the following manner: the formula of 

amylic pseudo-alcohol is ^ J l o\ and that of pseudo-amyl- 


amine is 



In both these bodies the pseudo-amyl is united by carbon in the one 
case to oxygen, in the other to nitrogen. 

When the pseudo-alcohol is decomposed into water and amylenc, 
the oxygen leaves the carbon and joins the hydrogen. For the pseudo- 
amylamine to be decomposed into amyleno and ammonia, the nitrogen 
should separate from the carbon and go to the hydrogen. This does not 
take place, because carbon has a stronger affinity for nitrogen than for 
oxygen. 

If this explanation be true, a cyanide ought to be formed when the 
pseudo-amylamine is decomposed by transmitting its vapour over red- 
hot baryta. Wurtz has found that cyanide of barium is formed under 
these conditions. 

Though the differences which separate pseudo-amylamine from 
amylamine are not so marked as those which separate pseudo-alcohols 
from alcohols, these two bases are, nevertheless, isomers. 


AMINES DERIVED FROM BIATOMIC ALCOHOLS. 

Any biatomic alcohol ^{pj- 0*) may lose its monatomic group (HO), 

when the residue ( ^ > 0 j has a tendency to become saturated, either 

by regaining the group (HO), or by uniting with any other monatomic 
radicle. „ It is monatomic, and may be substituted for one, two, three, 
four atoms of hydrogen in ammonium (Nil 4 ), or in ammonia (Nil 8 ). 
Hence arise the inonamines or monammoniums. 

The biatomic alcohol may also lose twice the group (TIO) ; the 
biatomic radicle It" then remains. This latter may be substituted for 
one, two, three, four times IP in the condensed ammonium or ammonia 
typos. Thence ariso the diamines and diammoniums. Thus there may 
exist inonamines and monammoniums, resulting from the substitution 
of R" for H* in the simple types, but no body of this nature is known. 
Monamines derived from Biatomic Alcohols. — Preparation. 
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These compounds have been prepared for the first time by Wurtz. 
They may be obtained by two methods. 

First Process. — The anhydride of a glycol is intimately mixod with a 
solution of ammonia : the reaction commences in the cold ; the anhy- 
dride of the glycol combines directly with the ammonia. On saturat- 
ing the compounds formed by hydrochloric acid, and separating tho 
chlorides by fractional distillations, products arc obtained the formulas 
of which are : 

(R"0,NH 8 ) ;([R”0] 2 ,NIF) ;([R"0] 3 ,N1P). 


These bodies may be represented by the rational formulae : 

p^).] p ,lo ) I j N ] r(in°)>] 

which indicate primary, secondary, and tertiary monamines arising 

/jlMj . 

from the substitution of the residue ^ j j j- OJ for hydrogen. 

Second Process . — The clilorhydrin of a glycol is made to act on am- 
monia, then the ammonia funned is made to act. on a second molecule 
of the clilorhydrin, and so on, as in H ofmann’s process for the prepara- 
tion of monamines of the monatomic alcohols : 




Chlorliydrin A n»nv>tii;i. 

of a giycol. 


Ilyili'ochloratc of a luoiminiix* 
thrived from a glycol. 


On submitting the tertiary monaniine to tho action either of chlor- 
liydrin or of the anhydride of a glycol, a product is obtained the 
rough formnla of which is ([ll"Oj*,K 11 s ) ; in its turn this body can pro- 
duce another ([U"Oj,*XlI*) ; then another ([H"0]*,NTI*) ; then another 
([R"0) 7 ,NH*) t and so on. 

The constitution of those different compounds may he easily seen by 
admitting that tho residues which are substituted for tho hydrogen are 
derived by elimination of IIO, not from a glycol, but from a condensed 
glycol. Thus the ammonia ([irOJVNJPJ would have for rational 
formula : 


rav 

\H 

/ir 

VH 

/B"l 

l°/l I 

i»/U 

i „.Y i. 

Llfri 

(°)J J 
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in which the third atom of hydrogen is replaced by the residue 


(IW 


derived from the condensed glycol 


(IH 


by the elimi- 


nation of HO. 

The compound ((llO) 5 ,NH a ) would have the formula: 



In the first of these formulie IF is supposed to bo replaced by tlio 

residue (R" 4 II0 2 ) of the condeused glycol j O a ^ ; in the second, 

IF is supposed to be replaced by the rcsiduo (It"HO) of a simple 
glycol, and the third atom of II by the residue (R" 3 I10 a ) of a glycol 
throe times condensed (lt" y IF0 4 ). It would be difficult to decide be- 
tween those two formulae 


The derivatives which contain a greater number of atoms of the 
radicle of glycol would be represented by similar formula). 

The following equations show how these bodies are formed, either 
by means of the anhydrides of biatoinic alcohols, or by their chlor- 
hydrins : 



Tertiary monomine 
containing throe times 
the residue of a simple 
glycol. 


+ (K''0) 

Anhydride 
or a glycol. 



Tertiary monamine 
containing twice the residue of 
a simple glycol, and once that 
of a condensed glycol. 


/u" 

u 


fR" 

III 

fU" 

Ih 





+ (“IS 1 ) 

Chlorliydrin of 
a glycol. 


Tertiary monamine 
containing three times 
the residue of a simple 
glycol. 



liydrochlorate of n tertiary 
monamine containing twice the 
residue of a simple glycol and 
once that of a condensed glycol. 


Properties. — The properties of the different compound ammonias, the 
formation of which has just been indicated, are little known. They have, 
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however, one fundamental property : the monatomic residues which 
are substituted for II always contain an atom of typical hydrogen. It 
is therefore evident that, whatever may bo the number of these resi- 
dues, the product, like ammonia, always contains three atoms of 
typical hydrogen which may be replaced by the radicles of monatomic 
alcohols. 

Such bodies may therefore bo obtained by causing, not ammonia, but 
the monamines of different degrees derived from monatomic alcohols to 
act on the anhydrides of the glycols : 


/ R'l 

\ 

: °)l 

(R"0) + III 

r) = 

' ( hW 

\H J 

1 1 \ 

h| / 


A nhy driilo Primary Primary inonamine 

of a glycol. nionaumip. derived from a glycol 

and an alcohol. 


In fact, Wurtz has stated that aniline combines with the oxide of 
ethylene ; he has not examined the products of the reaction. 

Another character of these bases is that they arc oxygenized, not 
only in the free state as the hydrates of quaternary ammoniums 
derived from monatomic alcohols, but also in tlicir hydrochlorates, 
hydrobromates, and hydriodates. In this character they approach 
the oxygenized alkaloids, which will bo studied presently, and which 
are found ready formed in vegetables. It is possible that the natural 
alkaloids belong to this group, and that their synthesis may some 
day bo accomplished. No satisfactory nomenclature lias as yet been 
applied to the compound ammonias just spoken of. 

Piamines derived from Biatomic Alcohols. — P reparation. — T hese 
bodies are obtained by causing ammonia to act on the bromides of 
biatomic hydrocarbon radicles; their mode of preparation is therefore 
similar to that of the monamincs which are obtained by causing the 
simple ethers of monatomic alcohols to react with ammonia : 


(C*II 4 "Br 2 ) + 



Bromide of ethylene. Ammonia. 



N\Bi* 


Bromide of ethylene-* 
diaiiuiiouiuiii. 


1 


/C'H 4 '') \ 

^ H| J.NM + (C*H 4 "Br*) 

Ethylene-diamine. Bromide of ethylene. 


/C*n 4 " 

H* 

Bromide of diethylene- 
diammoiiium. 


Properties. — 1st. These ammonias readily combine with a moleculo 
of water, producing hydrates, which are decomposed by heat. 

2nd. The primary diamines, submitted to thg action of nitrons aoid, 
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give nitrogen, water, and the anhydride of the glycol, the radicle of 
which they contain : 

(°| }*•) + 2 ( N h I °) - 2 (nD + 3 (h} °) + H 

Ethy lone-diamine. Nitrons acid. Nitrogen. Water. Oxide of ethylene. 


3rd. When these bases still contain typical hydrogen, — ethyl, methjd, 
or any other monatomic radicle may bo substituted for it. It appears, 
however, that it is always two atoms of hydrogen which are replaced 
by two molecules of a radicle, and that a single atom of hydrogen 
cannot bo so replaced. 


Thus the diethylic-diethylonc diamine 


not the monoethyl ic-diethylene diamene 



is known, but 


It is, however. 


possible that this and other analogous bodies may be prepared. 

4th. Combined with acids, these ammonias produce salts of diam- 
moniums. These diammoniums are biatomic. 

Thus we have : 


([H U (C 2 H 4 '')V1''I 8 ) 

Iodide of cthylenc-diammonium. 

Iodide of diethylene-diammonium. 


Nomenclature. — These bodies receive the names of diamines, or di- 
ammoniums, according as they are free and belong to the ammonia 
type, or combined and belong to the ammonium type. These names 
should follow that of the biatomic radicle substituted for II 2 , this 
latter being preceded by the syllables, di , tri, etc., to indicate its 
number. 

Thus wo say ethylene-diamine, diethylene-diamine, triethylene- 
diamino, hydrated oxide of totrethylene-diammonium. 

When, besides the biatomic radicle, monatomic radicles enter into a 
diamine, the name formed according to tho above rules follows that 
of the mpnatomic radicles which end in in and are preceded by the 
syllables, di, tri , etc. 


r"C*H 4 " 

Thus the compound I f C*IP) 2 [^ 

L(C*IP) 2 ! 

H 2 ~ 


. O 2 would take the name of 


hydrate of hexethylic-ethylene diammonium. If, instead of six atoms 
of the radicle ethyl, it contained four atoms of this radicle and two 
atoms of the methyl radicle, it would be called hydrate of dimethylic- 
tetrethylio ethylene diammonium. 

2 l 2 
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Polyamines derived from Biatomic Alcohols.— The formation of 
the diamines just spoken of is easily explained. If, in two molecules of 
ttinmnnia, IP be replaced by an indivisible biatomio radicle, and the 
two atoms of n be each taken from a different molecule, the two 
moleoules bocome united into one : 



N 

N 


n 

H 

R" 

II 

II 


From this explanation it will be understood that three, four . . . n 
molecules of ammonia may bo united by means of biatomic radicles, 
and that triamines, totramines, etc., are thus produced : 


H 

H 

H 


II 

II 

II 


I 


N 


H 

II 

ir 

n 

ir 

it 

IT 


N 


N 


N 


Triainino. 


II) 


ii In 

H 

NJ 

II 


R" 

H) 


itIn 

IT 

it) 



It" 

H| 


n lx 

II 

n( 



II" 

Hi 

II 

iiLn 

II 

IT) 



'IV tram l nr. 


The formation of those polyamines by means of the bromides of 
biatomic radicles and ammonia, may bo expressed by the general 
equation : 

wirilr* + 2wNII 8 = (E" a lI*+ t K a * 4 ) BI-+ 1 + i»- lNII 4 Br. 


If in this equation n = 1, which is the most simple case, diamines 
arc produced. If n be made equal to 2, triamines are obtained, and so 
on. 


M. Hofmann has proved by experiment that this view is correct in 
the ethylenic series. The action of the bromide of ethylene on ammonia 
gives, besides the diamines of which we have spoken, tho tribromido 

of diethylene-triammonium 11 j^ 8 1 and the tribromido of 

triethylene-triammonium j^ e | N 8 ,Br a ^ 
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COMPOUND AMMONIAS DERIVED FROM TRIATOMIC 
ALCOHOLS. 


These bases have as yet been very little studied ; theoretically their 
number may be very considerable, but they can only be separated from 
each other with great difficulty. 

A glycerine ( jj 3 >O a J may, on losing an atom of HO once, twice, or 

II* | 0* ) # ( Ji \ O) » or The first 

of these residues ought to be able to bo substituted for one, two, or 
three atoms of the hydrogen of ammonia ; also for the hydrogen of 
mono- or bi-atomic residues derived from glycerines by the elimination 
of IIO or of 2110. 


The biatomic residuo (^\\ j O) could be substituted for one, two, 

II 2 ) 

or three times II* in the condensed type n 2 iN 2 , giving rise to diamines; 

IP 


moreover, this residue, like the radicles of glycols, could give rise to 
triamines, tetramines, etc. It. may also be conceived that, it could 
replace the hydrogen of the biatomic radicles derived from poly glyce- 
rines by elimination of 2110. 

The radicle IP" could be substituted for IF once, twice, thrice, or 
four times, giving triammnnic compounds. It is also evident that 
this radicle ought to bo able to give rise to polyamines of a conden- 
sation higher than three. 

Finally, from the poly glycerines containing more than three atoms of 
typical hydrogen, residues may be derived of an atomicity greater than 
three, which may also be substituted for the hydrogen of ammonia and 
produce polyamines. 

Only two of all these probable compounds are known, glyceramino 


(H5M 


H 

II 


N j, which Bert helot has obtained in the state of chlorliy- 


drato by heating monochlorhydric glycerine with ammonia*, and a 
triamino obtained by Lautemann by submitting carbazotic acid (tri- 
nitrophenol) to the reducing action of hydiiodic acid : 


(C f lF(N0 8 ) s 0) + 


Carbazotic add. 



Hydrloilic acid. Jlydrlodatc of the 
new bn so. 


+ , ("l 0 ) 

Water. 


♦ >•(«) 

Iodine. 


* Borthclot caused dichlorhydin mid not monoelilorliydrin to act on ammonia. 
But in a first stage of the reaction the ammonia transforms the dichlorhydrin into 
monochloT hydrin by nn incomplete saponification. 
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COMPOUND AMMONIAS DERIVED FROM ALCOHOLS OF 
A GREATER ATOMICITY THAN THREE. 

On applying to these alcohols the considerations applied to hi- and 
tri-atomic alcohols, some idea may bo obtained of the immense number 
of ammoniacal compounds to which they may give rise. 

The polyamines of this order arc littlo known. A base has been 

prepared which contains the radicle C ,v , guanidine (jp j N*^ (see Gua- 
nine, Xanthine, TTypoxanthine), and one in which the radicle (C I0 I I* 1 ) 
is found, derived from naphtlialin by the elimination of H 4 . This 
latter has been prepared by the action of hydriodic acid on quadri- 
nitro-naphthalin. Hofmann has recently prepared guanidine by the 
action of ammonia on the orthocarbonate of ethyl : 

(c(OC‘H 5 )*) + 3 (NIP) = 4( C2 5 a } O) + (J}K«) 

Orthocarlxmate Ammonia. Alcohol. Guanidine, 

of ethyl. 


PIIOSPHURETTED, ARSENIURETTED, AND ANTIMO- 
NIURETTED AMMONIAS. 

Phosphorus, arsenic, and antimony, belonging to the family of 
nitrpgen, may be substituted fur this metalloid. Hence the possibility 
of bases analogous to those just considered in which the nitrogen 
would be replaced by one of these three bodies. 

In fact, compounds of this nature are known. But tlid primary and 
secondary phospuretted, arson iuretted, and antimoniuretted ammonias 
have not as yet been prepared. 

Preparation of Phospuij retied and Arskniuretted Ammonias. — 
The tertiary phosplmretted and arseniurotted ammonias may be 
obtained by two processes : 

First Process.— A hydrobromic or hydriodic ether is made to act on 
a phosphide or an arsenide. 



Phosphide Iodide of ethyl. Triethyl- Iodide of 

of putfuiium. phosphine. potassium. 


This process is well adapted for arseniurotted ammonias, but it is 
very little used for phosphuretted ammonias on account of the diffi- 
culty of preparing metallic phosphides. 
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Second Process . — The trichloride of phosphorus or arsenic is made to 
react with the compounds formed by zinc with alcohol radicles : 



Ethylldc of zinc. Trrchlurido of Trietbyl-phosphine. Chloride of zinc, 

phosphorus. 


These reactions arc generally accomplished very readily. The 
operation should always be conducted slowly, and the apparatus 
kept cool, owing to the violence with which the action takes place. 

The second process is more convenient and suro than the first, but 
it is less general, as all the alcohol radicles have not been obtained 
combined with zinc. 

Preparation of Anti mox iuketted Ammonias. — These compounds 
are obtained by causing the simple ethers of monatomic alcohols to 
act on the antimonide of tin. 



Antiinonide of tin. Iodide of ethyl. Iodide of tin. Triethyl-btibine. 


It is possible that these bodies might also he obtained by treating the 
terchloride of antimony by zinco-alcoholic compounds, but nothing of 
this kind has as yet been tried. 

Nomenclature. — The nomenclature of phosphure t ted, arseniuretted, 
and antimoniuretted bases is the same as that of the ammonias proper. 
Only in the phosphorus series the wold amine is replaced by phosphine; 
in the arsenic series it is replaced by the word arsine , and in that of 
antimony the word stibine is substituted. 

Thus/the compounds ((C 1f II s )T), ((C 2 IP) s As), and ((C'H^Sb), are 
called trietliyl-phosphinc, trietliyl-arsine, and tnethyl-stibino. 

The phosphuretted, antimoniuretted, or arseniuretted compounds of 
the ammonium typo receive names analogous to those of the nitro- 
genized products of the same order, the word ammonium being replaced 
by the words phosphonium, arsoniuni, and stibium. Thus we should 
say : hydrated oxide of tetrothyl-pliosphoniimi, iodide of tetrametliyl- 
arsonium, etc. 

PnoPijjtTiics of tub Phosphines. — 1st. The different acids combine 
directly with the phosphines, giving stilts of a tertiary phosphonium : 



Triothyl-phosphiue. Hydrochloric Chloride of trictliyl* 

acid. phosphonium. 


2nd. Phosphines combine directly with hydriodic ethers and give 
iodides of quaternary pliosphoniums : 
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Trlethyl-pliosphine. Iodide of ethyl. Iodide of tctrethyl- 

plumphonium. 


These iodides, submitted to the action of oxide of silver and water, 
give iodide of silver and the hydrate of the quaternary phosphonium 
of which they contain the elements. 

3rd. Tertiary phosphines unito directly either with two atoms of 
chlorine, bromine, or iodine, or with one atom of oxygen, sulphur, 
selenium, or tellurium. Among the compounds thus formed the oxide 
is remarkable, as it acts as a basic anhydride capable of forming well- 
defined salts. 

4th. When distilled, the hydrates of quaternary phosphoniums give 
the hydrides of their radicles, and the oxides of tertiary phosphines : 



Hydrate of Mrothyl- Oxide of triethyl- Hydride of 

pliosphoiiium. phosphine. ethyl. 


Properties of tub Aksixks. — 1st. The arsines can in no case unite 
with hydracids to form salts ; they therefore in this respect do not act 
as true ammonias. 

2nd. The arsines combine with the iodides of alcohol radicles, giving 
rise to iodides of quaternary arsoniums, which, with the oxide of silver 
and water, furnish the corresponding hydrates. Those hydrates arc 
bases equally as powerful as the hydrates of the corresponding ammo- 
niums or phosphoniums. 

3rd. The arsines are capable of uniting directly either with two 
atoms of chlorine, bromine, or iodine, or with one atom of oxygon, 
sulphur, selenium, or tellurium. The oxides act as basic anhydrides 
and give well-defined salts. 

4th. The hydrates of quaternary arsoniums decompose by distilla- 
tion like the hydrates of ammoniums, and not like the hydrates of 
phosphoniums. They give water, a tertiary arsine, and a hydrocar- 
bide which differs from the radicle contained in the hydrate of arso- 
nium by having II less : 

^(C'lPyAs 1 = ^ n «oj + ^(C*IP)»As) + (c*H 4 ) 

Hydrate of totrethyl- Water. Trietbyl-arslne. Ethylene, 

artsonium. 

Properties of Sti bines. — The stibines have properties which aro 
similar to those of the arsines. But it is not yet known whether 
the hydrates of quaternary stibiums when heated split up like the 
hydrates of ammoniums and arsoniums, or like the hydratos of the 
phosphoniums. 
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The characters of the alcoholic derivatives of nitrogen, phosphorus, 
arsenio, and antimony establish between these four bodies greater 
analogies than can bo deduced from the study of their mineral com- 
pounds. 

These bodies, by uniting with four radicles of monatomic alcohols, 
aie all capable of furnishing complex radicles, the hydrates of which 
are powerful bases analogous to potash. 

Moreover, in the compounds which are analogous to ammonia, 
gradual changes of properties arc observed, as is the case in every well- 
established series. While ammonia is capable of uniting energetically 
with all the acids, phosphuretted hydrogen only possesses this pro- 
perty in the cases of liydrobromie and hydriodic acids, and neither 
arseniuretted nor antimoniuretted hydrogen possess it in any case. 
While the amines and tertiary phosphines both have great affinity 
for acids, arsines and stibines have none. The character of biatomic 
radicles observed in stibines, arsines, and phosphines is not observed 
in amines. It will be seen that phosphines are intermediate between 
amines on the one side, and arsines and stibines on the other. Like 
amines, they combine directly with acids ; but, like arsines and sti- 
bines, they act as biatomic radicles. 


ACTION OF THE DIBROMHYDRIC ETHERS OF GLYCOLS 
ON THE DIFFERENT AMMONIAS HAVING MONATOMIC 
RADICLES. 

These experiments liavo been made by Ilofnlann in the methylenic 
and ethylenic series. We will give the results obtained in the ethylenic 
scries as example. It cannot be doubted that these results maybe 
reproduced in the other series. 

On causing the bromide of ethylene to act on a tertiary amine, 
phosphine, arsine, or stibine, Hofmann obtained in the state of bromides, 
ammoniums resulting from the addition of the radicle bromethyl 
(C' J H 4 Br) to the ammonia employed : 



'Jiriethyl- Bromide of Bromide* of triotliy 1 -b romethy 1- 

pliospbino. ethylene. plwsphonium. 


These salts contain tlio bromine in two different states. When they 
are treated with nitrate of silver, a single atom of bromine is pre- 
cipitated. 

When heated with oxide of silver and water, according to the con- 
ditions under which the operation is conducted and which are not yet 
well determined, these bromidos give rise to two different reactions. 

Sometimes they lose an atom of bromine in the state of liydrobromie 
acid while tho other atom is replaced by HO, when the hydrates of 
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vinylic ammoniums, that is to say the ammoniums in which the fourth 
atom of hydrogen is replaced by the radicle vinyl (C a H a ), are obtained. 
Sometimes the two atoms of bromine are replaced by two atoms of 
HO; we have then the hydrate of an oxethylic ammonium, lhat is 
to say, of an ammonium in which the fourth atom of hydrogen is re- 
placed by the radicle oxethyl (C 2 H 6 0) : 



Bromide of tri« thyl-brometliyl- Oxide of silver. Bromide of Hydrate of triethyl-vinyl- 

phospbuiiium. silver. phobphonluui. 



Bromide of trlptbyl-bromethyl- Oxide of silver. Water, 

phospbomum. 



Bromide of 
silver. 



Hydrate of trietliyl-oxi tliyl- 
phuspliuniimi. 


With the bromethylic bromides derived from the arsines, the first of 
these reactions takes place more easily than the second. 

When those bromethylic compounds are treated by nascent hydrogen, 
this body is substituted for the bromine of the brometliyl, and a tetr- 
ethylio compound again arises : 



Bromide of triotbyl-bromctbyl- Hydrogen. Hytln .bromic Bromide of tetretbyl- 

pbospboniutn. add. phusphoiiiuni. 


On submitting oxethylic bases to the action of the perbromido of 
phosphorus, the bromethylic compounds are re-formed : 



Bromide of triotbyl- 
oxetbyl-photspbonium. 


+ (PBr fi ) = 


Porbromide 
of phosphorus. 


(rBr*0) + 


Oxybromlde 
of phosphorus. 



Bromide of trictbyl-bromctbyl- Hydrobromic 
phosphonlum. a acid. 
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The bromethylic bromides obtained by means of phosphines, arsines, 
or stibines, may combine with a fresh molecule of the different tertiary 
ammonias, giving rise to bromides of biatomic ammoniums : 



Bromide of trietliyl-brometliyl- 
pliosphouium. 



T riethy 1-phoapblne. 


/l-CTF'l 



C*E J 

C’H® 


\ 

CH* 

0*11* 

C e H« 

>1" 

Br*| 

C*H* J 

_ 

1 


Bromide of ctbylene- 
hcxethylic diphosphonium. 


The bromethylic bromides derived from the amines do not combine 
with a second molecule of tertiary ammonia. But those bases which 
cannot be thus obtained may be easily procured by the action of the 
hydriodic ethers of monatomic alcohols on the primary diamines. 

Thus the bromide of hcxethylic ethylene-diammonium, corresponding 
to tho bromide of hcxethylic ethylene-dipliosphonium, has been pre- 
pared by causing the iodide of ethyl to act on tho ethylene diamine. 

In the different reactions which have been mentioned, the bromides 
of the biatomic hydrocarbon radicles act like the bromides of the 
monobrominated monatomic radicles of tho same series : the bromide of 
ethylene (C 2 !! 4 "!!!* 2 ) acts like the bromide of bromihated ethyl 
(C a II 4 Br,Br). In fact, Ilofmann is assured that exactly the same results 
are obtained when tho bromide of brominated ethyl is substituted for 
the bromide of ethylene. 


COMPOUNDS OF ARSENIC WITH THE ALCOHOL RADICLES 

WHICH DO NOT CORRESPOND TO THE AMMONIA OR 

AMMONIUM TYPES. 

It has been seen that nitrogen, phosphorus, arsenic, and antimony, 
on uniting with four radicles of alcohols, give rise to complex com- 
pounds which act as monatomic radicles, and which we have referred 
to the ammonium type, Nil 4 .— It litis also been seen, that if the number 
of alcohol radicles united to these bodies is not more than three, the 
compounds formed act sometimes like ammonia, that is to say they 
unite directly with acids as is the case with amines and phosphines ; 
and sometimes these compounds act as biatomic compound radicles, 
that is to say they unite with the elements, as is tho case with phos- 
phines, arsines, and stibines. 

It may therefore bo conceived that if compounds containing only 
two alcohol radicles, or one only of these radicles, could be obtained, 
these compounds would act as triatomic or tetratomic radicles. 

Such compounds have not as yet been discovered in the nitrogen and 
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antimony series, but some aro known belonging to the phosphorus and 
arsenic series. 

Those containing arsenic especially are well defined, and deserve our 
attention for a short timo. 

When a mixture of arscnious anhydride and acetate of potassium is 
distilled, a fuming liquid is obtained (Cadet’s liquor), which contains 

( CH 3 1 \ 

CH # H/ : this is placed in a flask full of 

carbonic anhydride to avoid combustion, washed with boiling water, 
and after it has been digested on fragments of potash it is distilled. 

The distilled product, treated with the bichloride of mercury, gives 
a precipitate of the double chloride of mercury and cacodyl, which dis- 
tillation with hydrochloric acid changes into chloride of cacodyl. This 
chloride, distilled with metallic zinc, abandons its chlorine to the 
metal, and the cacodyl liberated is disengaged in the form of vapours, 
which are condensed in a cold receiver full of carbonic anhydride. 

Cacodyl thus prepared has the formula ((CIP/As)- Iti S ,,itcs SP 011 ' 

tancously in the air, disengaging vapours of arscnious anhydride. 

"When oxygen is transmitted bubble by bubble into cacodyl, it first 

gives rise to protoxide of cacodyl ( (0 1 P l ) 2 As } o'), ^ cn t° a binoxido 

((OH 3 ) 2 As | ^ 2 )’ and finall y to cacodylic acid ^ ^ ) jj S j 0* 

Sulphur also combines directly with cacodyl, giving a protosulphido 

((Cn a ) 2 As } S ) and a ((CIF/As | S ")' Moreover > wllen 

hydrosulphuric acid is made to act on certain metallic cacodylates, 

sulpho-cacodylates ^ | S“^ are obtained. 

Cacodyl also unites with chlorine, bromine, and iodine, forming 
compounds represented by the formulas : 


(CIl a ) 2 AsCl 

Protochloride of 
cacodyl. 


(ClF^AsBr 

Protoliromidu of 
cacodyl. 


(CH 3 ) 2 AsT 

Protiodidc of 
cacodyl. 


With a great excess of oxygon, chlorine, bromine, sulphur, etc., 
cacodyl can also form the following compounds, which correspond to 
the grouping X 6 As : 

(CIF) 2 As Cl 3 
(ClF) 2 As Hi* 

(CIP) 2 As l 3 
(CTF) 2 As 1 (V , 

(cn s ) 2 As f u 
(CJP) 2 As I gs 
(ClP)*As) & 

These compounds, which aro less stable than tho preceding, easily 
return to the grouping (AsX*) ; thus tho terohlorido, torbromide, and 
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teriodido of cacodyl, when submitted to distillation, lose a molecule of 
methyl in the state of chloride, bromide, or iodide, and bodies remain 
which have the formulas (OH 3 As, Cl 2 ), (CH 8 As,Br a ), etc. These are 
the chloride, bromide, or iodide of a new radicle (CH a As), which is 
tetratomic and cannot be isolated. 

The chloride (CH 8 As,Cl a ) and the bromide (OIFAs.Br 2 ), submitted 
to the influence of oxide of silver, give the oxide of cacodyl (ClFAsO), 
together with bromide and chloride of silver. The oxide thus formed 
is an indifferent oxide. 

Another oxide (CH 8 AsO a ), which acts as a well-marked acid anhydride, 
is also obtained. The acid to which it gives rise should be tetrabasic, 

and have the formula ; on ^ the kib a, d 0 anhy- 

dride h 2 }® 3 ) k nown - 

The arsenio-monomethyl (As(CII a )) can also unite with four atoms 
of chlorine, bromine, or iodine, giving the saturated compounds 
(CIPAsCl 4 ), (CIFAsBr 4 ), (CH 3 Asl ‘). 

Cacodyl submitted to the action of the iodide of methyl gives iodide 
of cacodyl and iodide of tetramethyl-arsoniuin. 

«|) H- >(°T}) - (< OT >?}) + ( (C ^ S }) 

Cacudyl. Iodide of methyl. Protindidc of l«#lidr* of tetramotliyl- 

eacodyl. arsonium. 

This latter is resolved by distillation into iodide of methyl and tri- 
methyl-arsine. 

r^i) - H'}) + (!H 

Iodide of tetrumethyl- Iodide of Trimethyl-arsiue. 

ursonium. methyl. 

Trimethyl-arsinc may bo readily prepared by means of this process. 
Its hydriudate splits up on distillation into iodide of methyl and cacodyl. 

To Bum up, compounds corresponding to the ammonium typo and 
acting as monatomic radicles, may be easily obtained from arsenic and 
alcohol radicles. 

If these bodies bo submitted to dissociating influences, the alcohol 
radicle is separated in the state of chloride, bromide, or iodide, and 
loss saturated compounds are obtained which act as radicles of an 
atomicity greater than one. Such are arsenio-monomethyl [(CII 8 )As] IT , 
which does not exist in the free state ; cacodyl or arsenio-dimothyl 
[(CH 8 ) a As]"' ; trietliylarsine [(CH 3 ) B As]", and tetramethyl arsonium 
[(CH 8 ) 4 As] : as yot the saturated compound ((CIi 8 ) 5 As) has not been 
obtained in a pure state, but the results of analysis render the produc- 
tion of this body very probable by the action of zinc-methyl on the 
iodide of tetramethyl arsonium : 
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+ (ifS® ■ PSD + 2 ((^-) 

Iodide of totramethyl- Zinc-methyl. Iodide Arsenio-pcsntametliyl. 

arsonlum. ° r 

Commencing with triethyl -arsine, a whole series of ethyl compounds 
have been prepared resembling the preceding, from which they only 
differ by the substitution of tho radicle ethyl for the radicle methyl. 

It is extremely probable that similar series could be obtained with 
antimony and phosphorus. 


ORGANO-METALLIC COMPOUNDS. 

We formerly studied, under the title of compound ammonias, bodies 
formed by the combination of metalloids of the nitrogen class with 
alcohol radicles, and which belong to the ammonia or ammonium 
types. 

We then saw that arsenic, phosphonis, and probably antimony give, 
with alcohol radicles, compounds which do not belong to those types. 

These arsenical compounds are intermediate bet ween the compound 
ammonias and the combinations of tho radicles of alcohols with 
elements which do not belong to the nitrogen family. These latter 
compounds are called organ o-metallic. 

Each element having a maximum atomicity, can form with alcohol 
radicles, a saturated compound which corresponds to this atomicity. 
It can also form compounds containing the alcohol radicles in smaller 
proportion : these themselves act as radicles, and their atomicity is 
equal to the number of molecules of the radicle of alcohol which must 
be added to them in order to obtain a saturated compound. 

As little can bo added to these general remarks on organo-metallic 
compounds, we will rapidly pass in review tho principal among them. 

EthyiideB of Bismuth. — As bismuth is intermediate between the 
metalloids of the nitrogen family and the other elements, the compounds 
it forms with the radicles of alcohols differ entirely in their properties 
from the ammonias. These are compound radicles like the similar 
bodies derived from arsenic, but they aro not capable of giving rise to 
quaternary ammoniums. 

Two ethyl ides of bismuth are known : bismuth ethyl (Bi(C*H 8 )) and 
bismuth triethyl (Bi(C 2 II 5 ) 8 ). Either of them can fix two atoms of a 
monatomic body or an equivalent quantity of another body : they then 
pass to the groupings (BiX 8 ) or (BiX s ). 

Metliylides of bismuth are also known which possess similar formulae 
and properties. 

The ethylides and methylidcs of bismuth aro extremely instable. 

Ethylide, Methylide, and Amylide of Zinc. — Tho ethylide of zinc, 
or zinc-ethyl, may be obtained by heating a mixture of iodide of ethyl 
and zinc in a hermetically- sealed tube for fifteen or twenty hours at 
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120° or 130°. The tube is then opened, and the contents are distilled 
in a retort into which a current of carbonic anhydride is transmitted. 
The zinc-ethyl passes over at 118°. 

Recently, Beilstein has simplified the preparation of this body by 
substituting an alloy of zinc and sodium for zinc. He introduces the 
mixture of iodide of ethyl and this alloy into a flask, to which a 
refrigerator is adapted in such a manner that the vapours are collected 
and condensed as they form. The flask is heated for two hours at 60° 
— 70° in a water-bath, and afterwards the contents are distilled in a 
bath of oil. The apparatus is represented in figure 51 . 



FIr. 51. 

/ I C*H 5 \ 

The formula of zinc-ethyl is ( Zn" < It ignites in the air, 

producing oxide of zinc. Chlorine, bromine, and iodine decompose it, 
forming separate chlorides, bromides, or iodides of zinc and of ethyl. 

When oxygen acts slowly on zinc-ethyl, it transforms it into a crys- 
tallized product whoso formula is O 2 ^ ; it is the ethylate of 

zinc corresponding to the hydrate l jp > OM, the hydrogen of which 

is replaced by ethyl. This ethylate, on contact with water, is trans- 
formed into hydrate of zinc and alcohol : 

(<c^M + *(S}°) - (W + *(T}°) 

Ethylate of zinc. Water. Hydrate of zinc. Alcohol. 

Water instantly decomposes zinc-ethyl, producing hydrate of zinc 
and hydride of ethyl : 

CcpS^D + <I|°) - (W + >( OT ) 

Zinc-ethyl. Water. Hydrate of of 

zinc. «thyl. 
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Zinc-methyl (Zn"(CH 3 ) s ) may be obtained by a prooess identical 
•with the first which was described for the preparation of zinc-ethyl, 
the iodide of ethyl being replaced by the iodide of methyl. An 
ethereal solution of this latter body is generally employed. The pro- 
duct obtained is not pure zinc-methyl, but a combination of zinc-methyl 
and ether, having the formula : 

[( /n "{cH 3 ), (Sh s }°)J 

Zinc-methyl gives rise to a seiies of double decompositions similar 
to those we mentioned when speaking of zinc -ethyl. 

Zinc amyl is obtained by heating a mixture of powdered zinc and 
mercur-amyl in a closed vessel at 130° during thirty-six hours. 

(Hs"{Sf) + Zn " = ( Z “"{Sh") + n R" 

Mercur-amyl. Zinc. Zinc-amyl. Mercury. 

It is a colourless, limpid, volatile liquid, having an odour of amyl. 

Its density is 1022 at 0°. It boils without decomposing at 22Cf, 
and is destroyed at 240°. 

It oxidizes in the air, and is transformed successively into amyl- 
amylate and then into amylatc of zinc : 


•MSS) 

+ 

li 

CC 


Zinc-amyl. 


Oxygon. 

Amyl-amylato of zinc. 

v |c s irv 

+ 

Si + 

( 7n" •) 0<T'IT 11 \ 
V Z ( 0( ! 3 H” / 

Zinc-amyl. 


Oxygon. 

Amylato of zinc. 


Zinc-ethyl and zinc-methyl may also be prepared by the same pro- 
cess as zinc-amyl, that is to say, by heating zinc with mcrcur-cthyl or 
mercur-methyl. 

Zinc-methyl, zinc-ethyl, and zinc-amyl are valuable reagents, as 
they enable us to fix methyl, ethyl, and amyl in organic molecules: 
wo have seen examples of this in the preparation of triethyl -phosphine 
and trimcthyl-phospliino, and in the synthesis of amylone. 

Potassium-ethyl and Sodium-ethyl. — These bodies are obtained by 
leaving mixtures of zinc- ethyl and potassium, and of zinc- ethyl and 
sodium, for some time in hermetically-sealed tubes. Zinc is deposited, 
and potassium ethyl or sodium-ethyl is produced. They arc never 
obtained in an isolated state. The products which form arc only com- 
binations of potassium-ethyl or sodium ethyl with zinc-ethyl. These 
compounds are crystallizable ; their composition is represented by the 
formulae : 

[(cff). ( Zn "{ CTp)] ; [(cHfIJ, ( Zn " { C*H 3 )] 
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Sodium-ethyl and potassium-ethyl ignite in the air. Their most 
remarkable property is the faculty they possess of absorbing carbonic 
anhydride and giving rise to an alkaline propionate : 

os}) + (««) - 

Sodium-ethyl. Carbonic Propionate of sodium, 

anhydride. 

With potassium and sodium, methyl gives compounds analogous to 
those furnished by* ethyl. By the direct union of potassium-methyl 
with carbonic anhydride, acetate of potassium is produced. 

Ethylide and Methylide of Magnesium. — -Powdered magnesium 
acts on the iodides of ethyl and methyl, producing ethylide and 
methylide of magnesium, the formulas of which arc : 



They have properties analogous to thoso of zinc-ethyl and zinc-methyl. 

Ethylide and Methylide of Aluminium. — On heating to* 130° for 
24 hours a mixture of iodide of ctliyl and aluminium, a liquid is obtained 
which is volatile at 3oO r> , the formula of which is (A1*(0*H*)*1*). This 
body, ignites in the air, and decomposes water, producing hydrate of 
aluminium, liydriodic acid, and probably hydride of ethyl : 

(\i\cmyv) + g(J{|o) = (^Tfc) + s(W) + s^}) 

iodide of aluminium- Water. Hydrate of Hydride of Hydriodic 

triethyl. aluminium. ethyl. acid. 

Recently, Odling and Buckton have obtained aluminium-ethyl and 
aluminium-methyl by heating mercur-ethyl or mercur-mothyl, with 
sheets of aluminium, in a water bath for soveral hours. Contrary to 
what might be expected, these two bodies present vapour densities 
which give them the formula) (A^C'IP) 3 ) and (A1(CH 3 ) 3 ) instead of 
(Al # (C a n*7 l ) and (A1*(CI1 3 ) 0 ). 

Aluminium-ethyl is a colourless volatile liquid, which is uot modi- 
fied at 18°. Exposed to the air, it emits opaque fumes, and even ignites 
spontaneously if in a thin layer. Its vapour density, determined at 
234° by Gay-Lussac’s process, has been found to be 4*5 ; its theoretical 
density according to the formula (A1(C*IF) 3 ) being 3 # 9, and that for 
the formula (Al a (C*H f, ) H ) being 7*8. Water decomposes it with vio- 
lence ; iodine transforms it into iodide of ethyl and iodized derivatives. 

Aluminium- methyl boils at 130° and is solidified at a few degrees 
above 0 ; its chemical properties are the same as those of aluminium- 
ethyl. Its vapour density at 240° is 2*8, its theoretical density, accord- 
ing to the formula (Al(CIF) 3 ), being 2*5 ; at 160° its vapour density is 
4*40, which number approaches the theoretical density 5-0 calculated 
according to the formula (A1*(CH 3 ) 8 ). Aluminium-methyl therefore 
belongs to that class of bodies whose vapour densities are anomalous 

2 M 
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under certain conditions, either because these bodies exist in two states 
of molecular condensation or because their vapours do not acquire their 
perfect elasticity except when brought to a much higher temperature 
than the boiling points of their liquids, or else because they are dis- 
sociated above a certain temperature. It may therefore bo asked, 
whether the only observed vapour density of aluminic chloride corre- 
sponds to the high density of aluminium-methyl, and whether these 
two vapour densities are not anomalous, and consequently unfit to servo 
as basis for determining the general formula) of aluminic compounds. 

Stannides of Ethyl and Methyl. — Tin isatetratomicbody,andought 
therefore to be able to unite at tho maximum with four atoms of 
the radicles ethyl or methyl to form saturated compounds. Moreover, 
it may be supposed that tin can combine with three, two, or one 
atom of an alcohol radicle, and thus give non-saturated compounds 
acting as radicles of an atomicity equal to the number of atoms of ethyl 
or methyl which they require for their saturation. 

We should thus have : 


Tetrastannethyl and tetrastanmetliyl })and(( C jj,)4 1); tri- 

stannethyl and tristanmethyl ((CTP)*}) “ d ((GIF)* })’ 1)0111 mona- 
tomic radicles ; 

Distannethyl and distanmethy and ^CIP) 2 )’ ^oth bia- 

tomic radicles; 

/Sn lv )\ ,n /Sn ,v lY" 

Monostannethyl and monostanmethyl and y ’ ^oth 


being triatomic radicles. 

With the exception of monostannethyl and monostanmethyl, all 
these compounds aro known ; those among them which have an uneven 
atomicity correspond when free to formula) double the preceding. 

When iodide of ethyl is heated with an alloy of zinc and sodium, in 
which the alkaline metal largely predominates, care being taken that 
there bo a great excess of the alloy, all tho iodine unites with the 
sodium, and three liquids aro obtained which can be separated by frac- 
tional distillation, and which aro : 

Tetrastannethyl (Sn(C B H n ) 4 ). 


Free tristannethy] 


Distannethyl (Sn(CTI 5 ) 2 ). 

If iodine be made to act on tristannethyl, an oily iodide of this radicle 
is obtained : 


<S$S® + il - s( s " (0 ’ n 7l) 

Tristannethyl. Iodine. Iodide of trletoiinethyL 

With distannethyl, iodine produces a crystallized biniodide, the 
formula of which is (Sn(C J H s )’l f ). 
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Tetrastannethyl, on the contrary, is incapable of combining directly 
with iodine. When a mixture of these two bodies is heated, a molecule 
of ethyl is eliminated in tho state of iodide, and iodine is substituted 
for it. The iodido of tristannethyl is theroby obtained : 

(s„ ( c a H 8 ) 4 ) + 5} = ("?}) + ( Sn(C2n ?0 

Tctrastannctliyl. Iodine. Iodide of ethyl. Iodide of tristannethyl. 

The iodide of tristannothyl, heated with iodine, again loses a molecule 
of ethyl, for which an atom of iodine is substituted, giving rise to the 
iodide of distannethyl : 

^Bn<cra^ + TJ = + (Sn(C*IPJ^ 

Iodido of tristannethyl. Iodine. Iodide of < tliyl. Binioidide of 

distannethyl. 

Lastly, this iodide of distannethyl, heated with iodine, is transformed 
into iodide of ethyl and iodide of tin : 

C*™?}) + 2 (i!) . »H‘!) + (sni* ) 

Iodide or distanm-thyl. Iodine. Iodide of ethyl. Stannic 

iodide. 

Similar results are obtained with hydrochloric acid. If quantities of 
this acid and tetrastannethyl respectively proportional to their molecular 
weights, be heated together, chloride of tristannethyl and hydride of 
ethyl are obtained. If a double or quadruple proportion of hydro- 
chloric acid be made to act on the tetrastannethyl, twice or four times 
tho quantity of ethyl is eliminated in the state of hydrido, and there 
finally remain chloride of distannethyl and tetrachloride of tin respect- 
ively : 


(Sn(C‘H“) 4 ) 

+ 5} ■ 

/Sn(C 

V Cl ( J 

| + (CPH*) 

Tctra.st.mn«*tbyl. 

Hydrochloric 

acid. 

Chloride of 
iriotannctliyl. 

Hydride of 
ethyl. 

(Sn(C 2 H i )‘) + 

2 (a!) - 

^Sn(C s H7 

f) + 2(C‘1I») 

l'ctmatuniii-tliyl. 

Hydrochloric 

acid. 

Chloride of ill- 
btannctliyl. 

Hydride of 
ethyl. 

(Sn(C s n n ) 4 ) 

+ <(?.!) 

c 5? 

II 

+ 4(C S IP) 

Tctrastaiini tliyl. 

Hydrochloric 

acid. 

Tetrachloride 
of tin. 

Hydride of 
ethyl 


Thus the ethyl contained in these compounds may be eliminated 
atom by atom, and replaced by chlorine or iodine. The iodine can also 
be replaced by ethyl, and the lower ethylated compounds raised again 
to the saturated ethylido. Frankland and Buck ton have found that 
tetrastannethyl is formed when the iodide of distannethyl is made to 
react on zinc ethyl : 

2 m 2 
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r^}) + ( (C 4?;i) = ^ + (•*»>■) 

Iodidide of di- Ziuc-ctbyl. Iodide of Tctrastannethyl. 

stannethyl. sine. 

Cahours has also found that zinc-methyl reacts on the iodide of tri- 
stanncthyl, giving a compound which represents tetrastannothyl a 
molecule of the ethyl of which is replaced by a molecule of methyl. 

For a long time, tin having attributed to it an atomic woight the 
half of that wo have adopted, tetrastaunethyl was written (Sn(C a Ii 6 ) 2 ), 
and distannethyl (Sn(C 2 II 5 )), while tristannethyl received the formula 
(Sn 8 (C a H 6 ) 8 ). The vapour densities of tho first two of these products 
necessitated the doubling of the formulas; the well-marked reactions in 
which ethyl is successively replaced by chlorine or iodine, and the ex- 
istence of a saturated double stannide of ethyl and methyl containing a 
single atom of the radicle methyl, demonstrate chemically that the 
molecular weights adopted for these bodies in accordance with their 
vapour densities, are the real ones. Consequently tin would always 
enter into these compounds by two atoms if the old atomic weight 
were attributed to it. This leads us to double this weight, because tho 
atomic weight of a body is the smallest pondoral quantity which can 
enter into a molecule. The study of the stannides of ethyl therefore 
confirms the new atomic weight of tin. 

The iodides of distannethyl and tristannethyl, treated with alkalies, 
give corresponding hydrates, which are basic and capable of giving well- 
detoi mined salts when made to react with acids : 


( S *<° ™?|) + *< 

(h}°) 

= (Sn(O^J 0 .) 

+ *(?}) 

Iodide of distannethyl. 

Pettish. 

Hydrate of distannethyl. 

Iodide of 

. 



IHitassium. 

^Sn(OTJP}) + 

m 

= (W}o) 

+ ?} 

Iodide of tri- 
Btannethyl. 

Potash. 

Hydrate of tristannethyl. 

Iodide of 
potassium. 


On substituting iodide of methyl for iodide of ethyl in the above 
processes, methylic compounds are obtained which are analogous to 
the preceding in their formulae and properties. 

On account of the formula) by which tho stannides of ethyl and 
methyl were formerly represented, the compounds we call tetrastann- 
ethyl and tetrastanmethyl have hitherto been called distannethyl and 
distanmethyl ; those we call tristannethyl and tristanmethyl were 
called sesquistannethyl and sesquistanmethyl ; whilst distannethyl and 
distanmethyl were called stanethyl and stanmcthyl. 

Plumb-ethyl and Flumbo-methyl. — The ethylide and methylide of 
lead may bo obtained by causing iodide of ethyl or iodide of methyl to 
react with an alloy of lead and sodium, but these compounds are more 
readily prepared by causing zinc-ethyl or zinc-methyl to react with 
chloride of lead. 
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The compounds formed in these reactions have the formulas 
(Pb(C 2 H fi ) 4 ) and (Pb(CH 3 ) 4 ). The reaction which gives rise to them is 
the following : 


2(PbCl 9 ) + 

Chloride of 
lead. 


2[Zn(C‘H 5 )*] 

or 

2[Zn(CH 3 )*] 

Zinc-ethyl, or 
zlnc-metiiyl. 


2 (o?() + "> + 

Chloride of zinc. Lead. 


(lXC’H 5 ) 1 ) 

or 

(rb(CH*) 4 ) 

Plumb-ethyl, or 
plumbo-uutliyL 


Plumb-ethyl and plumb-methyl represent the limit of saturation of 
plumbic compounds, and therefore they do not act as radicles. But if 
these bodies bo heated with hydrochloric aoid or iodine, a molecule of 
ethyl or of methyl is eliminated in the state of hydride or of iodide, and 
bodies arise the composition of which is represented by the formulas 
(Fb(C 2 H fi ) 8 I), fPb(C 2 II 5 ) 8 Cl), (rb(CIP) 3 I), and (Pb(CIF) 3 Cl). The 
reactions by which these compounds arc produced are expressed by the 
following equations : 

(rb(CTP)0 + if = ( C T}) + W’ETi) 

Plumb-cthyL Todino. Iodide of ethyl. Iodide of plumbo- 

triethyL 

(Pb(cn’) 4 ) + (HOI) = (CH 4 ) + (Pb(CH s )"CL) 

Plumbo-metliyl. Hydrochloric Hydride of Chloride of plumbic 

acid. methyl. trimethyl. 


The existence of plumb-ethyl and of plumbo-methyl has already been 
used to demonstrate the tetratoraicity of lead. 

Ethylide and Methylide of Mercury. — With alcohol radicles 
mercury forms compounds of two orders ; with ethyl or methyl we 
have: 

Mercurous methyl ITg' # (CIF) ; mercurous- ethyl ITg"(C 2 IP). 

Mercuric methyl Hg"(CH a ) a ; mercuric ethyl Hg"(C 2 IP) 2 . 

• When the iodides of ethyl or of methyl are made to act on mercury, 
products are formed which are represented by the formulae (Hg(C 2 lP)I) 
and (Hg(OH 8 )I). These compounds are regarded as the iodides of 
special monatomic radicles, mercurous othyl Hg"(C 2 H 5 ) and mercurous 
methyl Hg"(CIP). Tlieso radicles do not exist in a free state. Jt is 
very evident that, if they could be isolated, their molecules would bo 

«))-» as radicles of uneven atomicity cannot 

become free without combining with themselves. 

Chlorine, bromine, cyanogen, and even the group HO may bo sub- 
stituted for iodine in the iodides of mercurous ethyl or mercurous 
methyl. In the last-mentioned case, hydrates are obtained which react 
with acids and give rise to salts. 

Ifzino-ethyl or zinc-methyl be made to react with the iodides of 
mercurous ethyl or mercurous methyl, either the mercuric ethyl, or the 
mercuric methyl, or the mercuric mothylethyl are obtained : 
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2[Hg"(C*H‘)T] + 

(Zn"(C*H 4 )*) 

Zn" 

= I*| 

| + 2[Ug"(C*H»)*] 

Iodide of mercurous 
ethyl. 

Zinc-clhyl. 

Iodldo 
of zinc. 

Mercuric ethyl. 

2[Hg"(CH 3 )I] + 

(Zn"(CH 3 ) 2 ) 

*** 

N 

II 

+ 2[Hg"(CH*)*] 

Iodide of mercurous- 
methyl. 

Zinc-methyl. 

Iodide 
of zinc. 

Mercuric methyl. 

2 [Hg"(C*n 6 )I] + 

(Zn'^CH 3 )*) 

II 

CSS 

+ 2[ng"(c*n*)(CH s )i 

Iodide of mercurous- 
ethyl. 

Zinc-methyl. 

iodide 
of zinc. 

Mercuric methyl-ethyl. 


With amyl and allyl mercury forms corresponding compounds which 
possess analogous properties, and are represented by corresponding 
formulae. 

Messrs. Frankland and Duppa have recently succeeded in preparing 
mercuric ethyl, mercuric methyl, and mercuric amyl in a much more 
simple manner. They heat a mixture of sodium amalgam, iodide of 
methyl, ethyl, or amyl, and acetic ether. This latter merely acts by 
catalysis. The heat is continued to distillation, the product is washed 
first with an alkaline solution and then with water, dried, and again 
rectified. In the case of mercuric amyl, it must be distilled in a 
current of aqueous vapour or the body will decompose. 

The compounds of mercury with an alcohol radicle have this 
property, that when heated with zinc, cadmium, or even aluminium, 
the mercury is displaced by these metals. They therefore furnish a 
very simple method of obtaining the organo-mctullio compounds of zinc, 
cadmium or aluminium. 

We have already pointed out what support the organ o- metal lie com- 
pounds of mercury givo to the atomic weight used for this metal. 

Silicides of Ethyl and Methyl. — Friedel and Crafts have obtained 
silicon-ethyl by heating for three hours at 1G0°, in an hermetically- 
sealed tube, a mixture of chloride of silicon and zinc-etliyl, containing 
two molecules of the second of these bodies for each molecule of the 
first. 

When the tube is opened the gas is allowed to escape, and the pro- 
duct is distilled. What passes over below 130° contains silicon-etliyl 
mixed with unaltered chloride of silicon, and is placed aside to he 
afterwards heated with zinc-ethyl in a fresh operation. 

That which remains in the retort after the temperature has reached 
130°, is washed, first with water and then with an alkaline solution, in 
order to decompose the last traces of silicic chloride. It is then dis- 
tilled with water, and the water which passes over with it is decanted. 

The silicon-ethyl thus obtained still contains some traces of an 
oxygenized product, which is removed by agitating the liquid several 
times with concentrated sulphuric acid, in which silicon-ethyl is in- 
soluble while the impurity is dissolved. Lastly, the product insoluble 
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in sulphuric acid is washed with water, dried by chloride of calcium, 
and distilled. It is then perfectly pure. 

( [OTFV 

Si lv 1 Q 2 £p I boils at 153°; its vapour density has been 

lo 2 H 5 / 

found to be 5*13 (theoretically = 4*99). It is insoluble in water, 
alkaline solutions, concentrated sulphuric acid, nitric acid, and the 
acids in general. It is lighter than water, and bums with a very 
bnght flame, emitting white vapours of silica. 

Submitted to the action of chlorine, silicon-ethyl exchanges an atom 
of hydrogen for that metalloid, and gives a compound (C 8 SiH l9 Cl) 
which represents chloride of nonyl (C y H 19 Cl), in which an atom of 
silicon takes the place of an atom of carbon : 

(siCOTry) + ci} = ci} + (sicwci) 

Silicon -ethyl. Chlorine. Hydrochloric Chloride of silico- 

acid. nonyl. 


On treating this chloride with acetate of potassium dissolved in alco- 
hol, MM. Fricdel and Crafts have succeeded in replacing the chlorine 
by oxacetyl, and have obtained an acetic ether, which, when saponified 
by means of an alcoholic solution of potash, has furnished silico-nonylic 


-rsi) + - si + cssfo) 

Chloride of Acetate of Chloride of Acetate of silico- 

Bilico-rtonyl. potussiuin. potassium. nonyl. 

-( s ^o) + @o)=r'gio) + e , T}o) 

Acetate of glllco- Hydrate of Acetate of Silico-nonylic 

nonyl. potassium. potassium. alcohol. 


Silicon-methyl 



CIFV 
CIIM 
4 CH 3 
CII 8 / 


has been prepared by the same chemists, 


by an analogous method. They first heated zinc with iodide of methyl 
to 120° for several days, allowing the gases to escape occasionally, 
and thpn distilled. The product, which was a mixture of iodide of 
methyl and zinc-methyl, was placed in an hermetically-sealed tube 
with zinc and chloride of silicon. The object of tho zinc is to transform 
the remainder of the iodide of methyl into zine-methyl, to effect which 
the tube must first be heated to 120° for twelve hours ; afterwards it 
must be heated to 200° for ten hours to produce the reaction of the 
zine-methyl with the chloride of silicon. The contents of the tube are 
distilled, and the product condensed by a mixture of ice and salt, 
washed with an aqueous solution of potash to decompose the silioic 
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chloride or the unattacked zinc-methyl. Finally, the silicon-methyl its 
submitted to distillation. 

It is a liquid volatile at 30 — 31°, burning with a bright flame and 
emitting vapours of silica. Its vapour density determined by experi- 
ment is 3 ’058 ; theoretically, 3*045. 


OXYGENATED RADICLES. 


Experience demonstrates that in hydrocarbon radicles 0 may be 
substituted for H 2 as often as there are lion-saturated atoms of carbon 

i OJ I s 

Qjp the substitution 


may take place once; 


I OH 2 

in ethylene twice; 


twice. In the hypothetical radicle 



[OH* 

in glyceryl \ Oil 
(<JIP 


the substitution would 


bo possible four times, and so on. 

The oxygenated radicles thus produced give rise to a series of bodies 
parallel to that furnished by the hydrocarbon radicles whence they are 
derived. But, as they are electro-negative, they form acids when they 
combine with hydroxyl ; hence they are called acid radicles. 

Very few acid radicles are known in the isolated Rtato, and it is not 
certain that the small number of bodies described as such, leally have 
the constitution attributed to them. 

The isolated acid radicles which have been described arc : benzoyl 

CTFo|* cumin >’ 1 C'»II»o}’ and CWOf 

These bodies may be obtained either by causing sodium amalgam 
to act on their chlorides : 


»rs}) 

Chloride of butyryl. 


<‘l - *(B}) 


Na 

Na 

Sodium. 


Chloride of 
sodium. 


(CWO\\ 

Butyryl. 


or by the action of their chlorides on a compound of tho s am e radicle 
with an alkaline metal : 


/C 7 H J Ol\ , /C 7 H‘0)\ 


V ciiJ 

Chloride of 
benzoyl. 


^ KM 

Benzoilide of 
potassium. 


/OTTO)\ , Kl 

VotoM + ci| 


Free benzoyl 


Chloride 
of potassium. 


The compounds of an alkaline metal with an acid radicle, of which 
we Bpcak, are produced when an aldehyd is treated with a metal of this 
class: 
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•(""S}) + !}-!} + »r?}) 

Benzoic aldohyd. Potassium. Hydrogen. Benzoilidcof 

potassium. 

Properties. — The properties of these bodies have as yet been very 
little studied ; it is only known that, under the influence of caustic 
potash and heat, cuminyl gives cuminic acid and hydride of cuminyl : 

(ski) + (ii°) - rs}«>) + r H, si) 

C uminy l. Potash. Cumimite of Hydride of 

potassium. cuminyl. 

No acid radicle having an atomicity greater than unity is known in 
the free state. 


ORGANIC ACID8. 

Organic acids are hydrates of oxygenated radicles. Thoy may 
contain different quantities of typical hydrogen, hence thoy are natu- 
rally divided into mono, bi, tri, ...» atomic. 

Their atoms of typical hydrogen may, under the influence of power- 
ful bases, be replaced by metals. This property constitutes the basicity 
of those acids. Their basicity is not always equal to their atomicity, 
for while it is evident that a monatomic acid must always be mono- 
basic, biatomic acids may bo cither mono- or bi-basic, triatomic acids, 
mono, bi, or tri-basic, and so on. 


MONATOMIC ACIDS. 

These acids are derived from alcohols of the same atomicity by the 
substitution of 0 for II*, and they therefore all contain two atoms of 
oxygen. To each series of hydrocarbides thore corresponds a series of 
alcohols, and to each of those also there corresponds a series of mona- 
tomic acids. Thus we have : 

Hydrocarbides. 

C-H 2 - CH 2 - 2 CH 2 "- 4 CrIP— C-H 2 *” 8 ... etc. 

Alcohols. 

C"H iBf *0 C"H*"0 CH^^O C-H 2 -“ 4 0 CB 2 — O C-H*-^. . etc. 

Acids. 

O’TP-O 1 C-H^O* C"H , "~ 4 0 > C n E. u ~*0 2 C"H ft, - I0 O 2 . etc. 

The most numerous and best known of these acids are those which 
belong to the series C"H**O a , CB 2 -^ 2 , 0*H 2, - 8 0 2 and C^H- 10 !) 2 : only a 
few of the constituents of the other series are known. 
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The acids of the series C*H 2 h 0 2 and C*H 2 "" B 0* having a great number 
of characters in common, we will consider them together, and point 
out the particularities observed in each of these series. 

The acids of the series C"H &, “ 2 O a and C*H ,,l ~ 10 O* differ too much from 
the others in their constitution and properties to be included with 
them, and will therefore be studied separately. 


ACIDS BEIiONGIITO TO THE SERIES CH 2 "© 2 and C*H**-®0 2 . 


Preparation. — First Process .-*- An alcohol is treated, in contact with 
air, by platinum black or by any other oxidant ; water and the corre- 
sponding acid arc produced : 



Alcohol. Oxygon. Water. Ac;*tic acid. 


Second Process . — Aldehyde are oxidized; they fix anatom of oxygen, 
and are transformed into acids : 



Acetic aldehyd. Oxygen. Acetic acid. 


Third Process . — Carbonic anhydride is made to act on a compound of 
potassium with an alcohol radicle : 


rH 


c 

c 


H 

H 

H 

H 

Ik 


Potassium 

ethyl. 


+ 


CO“ 


Carbonic 

anhydride. 


cl 


rH 

H 

H 

H 

H 

lC0*K 


Propionate of 
IKitossium. 


This process is not so general as the two preceding, on account of 
the difficulty of uniting potassium or sodium with the different alcohol 
radicles. Acetic and propionic acids are prepared by it. 

Fourth Process . — In the aromatic series, K£kul6 has succeeded in 
preparing benzoic acid and its homologues synthetically, by causing 
sodium and carbonic anhydride to act simultaneously on the mono- 
brominated fundamental hydrocarbides of the lower series (benzine, 
toluene, etc.). 
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(c°H'Br) + gj} + (CO*) 

Monobronilnotcd Sodium. Curlxmic 

benzine. anhydride. 

- (£}) + [W - CTS}o)] 

V ' 

Bromide of sodium. ' Benzoate of sodium. 

This method, though differing in form from the preceding one, is 
really the same, slightly modified. 

Fifth Process . — A solution of potash in alcohol is heated with the 
cyanide of a radicle of alcohol ; ammonia is set free, and there is pro- 
duced a salt of the acid which corresponds to the higher homologuo of 
the alcohol, the hydrocyanic ether of which was employed : 

E*. (gf) = <CU*”K) + (*}0) + (g(o) 

— ^ — .... 

Cyanide of methyl. Potash. Water. 

■ rs}°) + ( sip ) 

Acetate of potassium. Ammonia. 

It will bo seen that the cyanide of methyl, derived from mcthylic 
alcohol (0H 4 0), gives acetic acid, which is derived from ethylic 
alcohol (0 2 1I°0), the next higher homologuo of the methylic alcohol. 

This process is general ; but Cannizzaro states that in tho aromatic 
series, that is to say, in tho series in which the hydrocarbides have 
the formula the acids obtained by means of the cyanides 

do not constitute the true homologucs of those derived from tho same 
alcohol as the cyanide employed, but that they are simply isomers of 
theso latter. 

Thus benzoic alcohol (C 7 IPO) corresponds to benzoic acid (C 7 IF0 2 ) ; 
with the hydrocyanic ether of this alcohol an acid is obtained, the 
formula of which is (C 8 II 8 0 2 ) ; and this formula appears to be homolo- 
gous with benzoic acid, but in reality it is only an isomor of the true 
homologue, which is known, and which possesses different properties. 

K6kul6 thus explains this isomerism : as has been already said, benzine, 
according to this chemist, is formed of six atoms of carbon united to 
each other on one Bide by one, and on the other by two atomicities, so 
as to fprm an liexatomic group, which is saturated by hydrogen. 

If methyl, ethyl, or amyl be substituted for ono or more atoms of 
hydrogen of the benzine, homologucs of this body are obtained. With 
tho exception of toluene which contains a single methyl group, all the 
homologues of benzine can present cases of isomerism which should 
be reproduced in the acids and alcohols derived from those hydro- 
carbides. Thus two isomers (actually known) [C 6 H fi (C 2 H B )j and 
[C 8 H 4 (CH 8 ) 2 ] may be supposed for xylene, and these should therefore 
give rise to two isomeric acids and to two isomeric alcohols. 
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K6kul6, admitting, as will be seen presently (*ee Phenols), that in 
the aromatic alcohols the hydroxyl substituted for HJs found in one of 
the methyl and ethyl groups, the two alcohols which correspond to 
the two above hydrocarbides should therefore be 

[OTCOTOH)] and [CTI^CH^CCH^H)] 

Let us now suppose that the second of those alcohols is oxidized. 
0 would be substituted for IP, and there would arise an acid 
[C 6 IT 4 (CH s )(CO,OH)]. If the other were oxidized, an acid would be 
obtained which would be isomeric with the preceding, and would 
correspond to the formula : 

[^■{obH)] 

This acid would bo the same as is obtained by the action of potash 
on the cyanide of benzyl. When the cyanido of benzyl is prepared 
by means of toluene [C 6 II fi (CII 8 )], OK is substituted for II in the methyl 
group, the cyanido of benzyl is therefore [C°H f '(CH*,CN)]. 

As the transformation of the alcoholic cyanides into acids consists 
in the substitution of the group (0*H) for nitrogen, the acid prepared 
from the cyanido of benzyl is 

[C e H B (CH*CO s H)] 

The following figures show this isomerism of the acids obtained from 
the cyanides of aromatic alcohols, with those prepared by other 
methods. 



Toluic add (Noad's.) 
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0 H C H C H 
t _nonci _ i ' r~ n rii r i 11 1 -r~ nti) « 



Cyanide of benzyl. 



Water. Ammonia. 


o ti c ir c n 

(orrf i (i) n'_i (_]D «) (orcT) ro « 



AljiliaUiluic acid. 


This last figure clearly shows that the hydration of cyanide of 
benzyl ought to furnish alphatoluic acid and not Noad’s toluic acid. 

Sixth Process . — Monatomic acids may be prepared by treating the 
chloride of their radicle with water ; hydrochloric acid is produced at 
the same time. 



Chloride of acetyl. Water. Hydrochloric Aoetic acid. 

aiid. 


This process has become ini cresting since M. Ilamitz-IIarnitzky 
has obtained the chlorides of benzoyl, acetyl, and caproyl, synthe- 
tically, by causing the oxyclilorido of carbon to act on benzine in 
vapour, marsh gas, and hydride of amyl : 
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Benzine. 


+ 



Oxychloride of 
carbon. 



Hydrochloric Chloride of benzoyl, 

"acid. 


(°if) 

Marsh gas. 



Oxychloride of 
carbon. 



Hydrochloric Chloride of acetyl, 

acid. 


(c*ep) + 

Hydride of 
amyl. 


HI) 

Oxychloride of 
carbon. 



Hydrochloric 

ucid. 



ndoride of caproyl. 


All the preceding processes arc, or may become general. Those 
which follow are only successful in certain series. 

Seventh Process . — Caustic potash is caused to act on bodies which are 
capable of combining directly with it under tho influence of a more or 
less elevated temperature. Potassic salts are formed, from which tho 
free acid is prepared. 

Only two examples of this mode of forming acids are known : that 
of formic acid, which is procured by means of tho oxide of carbon, ami 
that of campholic acid, which is formed by means of camphor : 


(™°) 

\ + (co) - 


Potash. 

Oxide or 

Form into of 


carbon. 

potassium. 

KUO) 

4- (C ,0 ll“o) = 

\ / 

r'sio) 

Potash. 

Camphor. 

Potassic cumpholate. 


Eighth Process . — Certain acids are capable of fixing hydrogen and 
giving rise to acids more hydrogenized than themselves. It is thus 
that acids of tho scries C H IP M “ 2 O a are transformed into fatty acids 
C"Il*"O a , and that Kolbe has succeeded in transforming benzoic acid 
(C 7 H 6 0 2 ) into hydro-benzoic acid (C fl ll 8 0 2 ). 

It is possible, instead of fixing hydrogen on acids diroctly, first to 
fix bromine, for which hydrogen is afterwards substituted. By this 
method, cinnamic acid (C n IF0 2 ) has been transformed into a now 
acid corresponding to the formula (C°II 10 O*). This new acid has also 
recently been produced by the direct action of nascent hydrogen on 
cinnamic acid. 

Ninth Process . — Certain aromatic acids are obtained by the oxida- 
tion of certain hydrocarbides ; it is remarked that in this case the 
hydrogen loses one of its lateral chains for which the group (CO 8 !!) is 
substituted. When it only contains one of these chains, it only fur- 
nishes a monatomic acid, but when it contains several, each of them 
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may be successively exchanged for (C0 2 II), and bi, tri, etc., atomic 
acids are the results. 

Tenth Process . — Frankland and Duppa have discovered a reaction 
which enables acetic acid to be transformed directly into its higher 
homologuos. This is done by causing sodium to act on the acetate of 
ethyl. Sodium is substituted for one or two atoms of hydrogen in the 
radicle acetyl. Then, on causing the iodide of methyl or of ethyl to 
act on the mono- or bi-sodic product thus prepared, a sodic iodide and the 
ethylic ethers of the different homologues of acetic acid are obtained. 



Act-tic ether. Sodium. Hydrogen. Sodacetate of ethyl. 



Acetate of ethyl. Sodium. Hydrogen. Disodacetatc of ethyl. 


/ 

[ Na\ 





I 

f CTTM 

(°, 

w 

0 i 

| + 

HO 

- K !} 

+ . 

! 

c < 

i 

S° i 

o 


,00*117 





( 

,oc*h 5 / 


Sodacetate of ethyl. Iodide of ethyl. Iodide Butyrate (ethocetate) 

of sodium. of ethyl. 


i 

c - 

" fNa\ 

1C J Na 
1 H 

1 

0 

{ OOTP/ 


Disodacctute of ethyl. 



Iodide of methyl. 


< N ;}) + 
iodide of sodium. 


1 

r 

rcn»\ 

c 

cn* 

01 

1 

1 H 


0 



OC 2 H 4 / 


Butyrate (dimeth- 
UL'Ctato) of ethyl. 


/ 1 

fJsav 


C 1 Na\ 

C - 

l H 


0 1 

\ < 

' 00*117 

JMsoducctato of ethyl. 


+ 2 (°T}) 

Iodide of ethyl. 


- >(*;}) + 
Iodide of sodium. 



1 

c*ii 4 \ 

C 

cwl 

C 


ii 

1 

0 



OC*H* / 


Caproate (dlothacfr- 
tute) of ethyl. 


In tlieso reactions, acids of the same composition arise when disoda- 
cetio ether is treated by iodide of methyl, or tho monosodacctic ether 
by iodide of ethyl. It is probable that these acids are isomers, and not 
identical, but this interesting question has not yet been decided. 

Hitherto this tenth method has been limited to the preparation of 
the acids which can be derived from acetic acid. There is, however, 
reason to suppose that it will become goneral. 

Properties. — 1st. When one of those acids is heated to redness with 
an exoess of a base, it tends to form the hydride of the alcohol one 
term lower in the homologous series. Thus from acetic acid (CPHK)*), 
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hydride of methyl (CH 4 ) is obtained ; from benzoic acid (OTT°0*), 
benzine (C®H°), etc. 

(c*h 4 o*) = (co 8 ) + ton 4 ) 

Aortic acid. Carbonic Hydride of 

anhydride. methyl. 

This character is clearly observed in the aromatic scries and in 
acetic acid. In the case of the other acids, secondary reactions arc 
produced betweeu the carbonic anhydride and tho hydrocarbide (see 
TTydrocarbides), but the reaction remains essentially the same. 

2nd. When an intimate mixture of a calcium salt of one of these acids 
and formiate of calcium is distilled, calcic carbonate is obtained and a 
compound which differs from the original acid by an atom of oxygen 
less, and which is called aldehyd. 

( (C ^;}0.) + (ccn$}0-) = + 2(cwo) 

Acetate or calcium. Formiate of calcium. Carbonate of Aldoliyd. 

calcium. 

3rd. When a calcic or baric salt of one of these acids is distilled, 
a reaction analogous to the preceding takes place ; carbonate of calcium 
or of barium is formed, and a body which represents a double molecule 
of the original acid, deprived of a molecule of carbonic anhydride. 
This new body is called acetone. 

ra 0-) - («'} o= ) + M 

Acetate' of calcium. Carbonate 1 e*r calcium. Acetone. 

4th. Chlorine and bromine may be substituted, atom for atom, for 
part. of the hydrogen of those acids; but there always remains one 
atom of hydrogen for which these metalloids cannot be substituted. 
This substitutive action of chlorine and bromine sometimes occurs in 
tho cold, but often it requires the action of heat ; it occasionally takcN 
place in diffused light, but sometimes requires the intervention of solar 
radiation. 

These substitutions may be represented by tho following equations : 
(’C’lPO 2 ) + = (CJ’IFBrO*) + Sj 

Acetic add Bromine. M on obrom acetic Hydrobromic 

add. acid. 

(cw) + 2©) . 2(=l) + (CTIUHO-) 

Butyric acid. Bromine. Hydro) romic Bibromobu lyric 

acid. acid. 

In the aromatio series, the brominated derivatives may bo obtained 
by submitting tho argentic salts of these acids to the action of bromine 
in vapour. It is difficult to account for this reaction. Bromine holds 
quite a different place in brominated acids to that held by silver in tho 
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argentio salt. The only plausible explanation of this is that the reaction 
takes place in two stages : in the first hydrobromic acid and an argentic 
salt of the brominated acid would be produced ; in the second the 
liydrobromio acid would react on the argentic salt and give rise to 
bromide of silver, setting free the brominated organic aoid : 


Cuininate of silver. 

+ 

Br\ 

Br) 

Bromine. 

- H l 

~ Br) 

Hydrobromic 

add. 

+ 

(CITOjO j 0 ) 

Bromocnminate of silver. 

~r”5S}o) 

+ 

hi 

Br) 

II 

+ 

(OWBiOJq) 


Bromocuminatc of silver. Hydrobromic k Bromide Bromocnminlc acid, 

acid. of silver. 


Iodine may also be subst ituted for the hydrogen of monatomic acids, 
by hoating the corresponding brominated compounds with iodide of 
iwtassium : 

ra°) + 1} - ra°) + 

Broniucetic other. Todide of lodacetic other. Bromide of 

potassium. potassium. 

But K£kul6 has shown that such a substitution cannot take placo 
directly, llydriodic acid, in presence of iodized compounds, gives free 
iodine and re-forms the body whence the iodized compound was 
derived. Thus, as iodine could not give rise to a product of substitu- 
tion without at the same time causing the production of liydriodic acid, 
a second reaction, the in verso of tlie first, would take .place, and the 
bodies would return to their original slate. 

5th. When chlorinated or brominated .acids are boiled with water and 
oxide of silver, the chlorine or bromine is separated in combination 
with silver, and each atom of these metalloids is replaced by the group 
HO. The now acids which aro formed differ from the original acids by 
a number of atoms of oxygen equal to that of the atoms of chlorine or 
bromine these contained : 

Ex. 2(C*IFDrO a ) + (Ag 2 0) + (H 2 0) = 2(AgBr) + 2(C*J1 4 0 8 ) 

Bromacetic acid. Oxide of Water. Bromide of Glycolic add. 

silver. silver. 

(C 4 H s Br*0 3 ) + (Ag*0) + (IPO) = 2(AgBr) + (C 4 H 8 0 < ) 

Bibromo-butyrlc add. Oxide of Water. Bromide of Biuoxybutyric 

silver. silver. acid. 

It will bo scon that glycolic acid (C 2 H 4 Q 3 ) differs from acetic acid 
(CJ 2 II 4 0 2 ) by an additional atom of oxygen, and that hi noxy butyric acid 
(CJ 4 II 8 0 4 ) differs from butyric acid (C 4 II 8 0 2 ) by + O*. Trichloracetic 
and* biohloracetie acids are not sufficiently stable to undergo these re- 
actions, their molecule being entirely destroyed. In the aromatic 
series, the brominated derivatives of monatomic acids, at present known, 
do not exchange Br for OH under the influence of moist oxide of silver. 

2 N 
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This substitution can only bo effected by the action of fused potash, 
under the influence of which bromobenzoic acid is converted into 
salicylic acid. 

6th. Monochlorinated or monobrominatcd acids, when submitted to 
the action of an alcoholic solution of ammonia, give rise to chloride or 
bromide of ammonium. There is formed at the same time a monamide 
of the acid, which contains an atom more of oxygen than the original 
acid of the chlorinated or brominated derivative. 

Thus monochloracetic acid gives a glycolic monamide known as 
glycocoll; the bromobutyric acid, an oxy butyric monamide, etc. : 

(CFTPCIO 1 ) + 2(NIT S ) = (NIPCl) + (CTFNO 2 ) 

Chlnracelic nek]. Ammonia. Chloride of Glycocoll. 

ammonium. 

7th. Alcohols do not react in the cold on the monatomic acids, of these 
series, but if heated with these bodies, water is eliminated and a com- 
pound etber is formed. It lias been seen when speaking of the alcohols, 
that, whatever may be the respective quantities of acid and alcohol 
employed, there always remains a part of each of these bodies in the 
free state. 

8th. The chlorides, bromides, oxychlorides, and oxybromides of 
phosphorus act on the acids of this group and on their salts. The 
radicle of the acid passes to the state of chloride or bromide. If the 
terchloride or terbromide bo used, the phosphorus is converted into 
phosphorous acid ; if, on the contrary, the pcntacliloride, pentabromiile, 
oxychloride, or oxybromide be employed, the phosphorus passes to the 
state of phosphoric acid. With llio porch! ori do or perbromidc, oxy- 
chloride or oxybromide is first produced, and afterwards decomposed : 


(Caro*) + 

(m 3 ) = 

(PCPO) + 

rsi) + 

01 f 

Benzoic acid. 

fVrchlorldc 
of phosphorus. 

Oxychloride 
of phosphorus. 

Chloride of Ilydro- 

benzoyl. chloric acid 

:i(C 7 H°O s ) 

+ (PCFO) 

= (FIFO 1 ) 

+ »rst 

) 

Benzoic uci'L 

Oxychloride 
of phosphorus. 

riiosphorlc 

acid. 

Chloride of 
benzoyl. 


BICWO 1 ) 

+ (POP) 

= (pmp) 

, _/otpov 

+ \ Clf, 

) 

Acetic acid. 

Terrliloride 
of phosphorus. 

Phosphorous 

acid. 

Chloride of 
acetyl. 



9th. These chlorides of acid radicles when placed in contact with 
water are decomposed and produce hydrobromic acid and tho oxygen- 
ized acid the radicle of which they contain : 


rsf) + 

Chloride or Wutor. 

valeryl. 


sr + rsw 

Hydrochloric Valeric acid, 

acid. 
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10th. With alcohols these acid chlorides form hydrochloric acid 
and a compound ether : 

r§}) + m - ( c ^|o) + g} 

Chlorldr of Alcohol. Benzoate of ethyl. Hydrochloric 

benzoyl. acid. 

11th. When heated with perchloride of phosphorus for several days 
to 200° in hermetically-sealed tubes, these chlorides undergo double 
decomposition : oxychloride of phosphorus is formed, and a compound 
which contains three atoms of chlorine, and which represents the ter- 
chlorinated derivative of the fundamental hydrocarbide of the series : 

( C4H g J) + (i»oi r ) = (pci*o) + (c 4 irci a ) 

Chloride of Porchloride Oxychloride 

butyryl. of phosphorus. of phosphorus. 

The body (C 4 IFC1 3 ) is isomeric, and perhaps identical with the ter- 
chlorinated derivative of the fundamental hydrocarbide of the butyric 
scries (0 4 H 10 ). 

12th. These chlorides react energetically with ammoniacal gas, 
chloride of ammonium is produced, and the amide corresponding to 
the acid the radicle of which was contained in the chloride em- 
ployed : 

( CiI1 g -f- 2(NTF) - (NIPOl) + (0*1 PNG) 

Chloride of acetyl. Ammonia ( -blonde of Acetamide. 

ammonium. 


13tli. These acid chlorides when distilled with a potassic salt of the 
acid the radicle of which they contain, give a metallic chloride and an 
anhydride of this acid : 



Chloride of 

acetyl. 



Acetate of 
potassium. 



A retie anhydride. Chloride of 

potassium. 


When distilled with a potassic salt of a different acid from the one 
whose radicle they contain, they form a mixed anhydride which con- 
tains the radicles of the two different acids : 




/C 7 IFO 1 

i 

\ Cl \) 

+ 

( Ki°; 

1 = 


Chloride of PoUwuc benzoate, 

acetyl. 


/C 7 H“0 1 0 \ K 1 

\C*H“0 f°) + Cl f 

Aceto-benzoic Chloride 

anhydride. of potassium. 


These arihydrides may also he prepared by heating for several days 
to 165°, in hermetically-sealed tubes, a mixture of sulphide of carbon 
and a well-dried plumbic salt of the acid whose anhydride is de- 
sired : 


2 n 2 
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2 ( Fb "{ocSo) + CS * = 2 <? bS ) + C0J 

Acetate of lead. Sulphldo Snlphide Carbonic 

of carbon. of lead. anhydride. 

+ «°) 

Acetic anhydride. 

In this process it is necessary to open the tube daily, in order to let 
the carbonic anhydride escape and prevent explosion. 

14th. Mixed with the ethers proper, acid anhydrides are trans- 
formed entirely into compound ethers. Mixed with alcohols, they 
give a mixture of compound ether and the normal acid : 

(35 }«) + (gi£}o) - 

Acetic anhydride. Oxide of ethyl. Acetate of ethyl. 

«o) + CT}°) - cw + C3}<>) 

Acetic anhydride. Alcohol. Acetate of ethyl. Acetic acid. 

15th. Submitted to tho action of ammoniacal gas, the anhydrides of 
monobasic acids give a mixture of amide and ammoniacal salt : 

+ fg)») 

Benzoic anhydride. Ammonia. Ammonic acetate. Benzamide. 

When a mixed anhydride is employed, one of the two radicles passes 
entirely to the state of amide, and the other to that of ammoniacal salt. 

16th. Under the influence of chlorine, tho anhydrides of monobasic 
acids split up; one of the two radicles passes to tho state of chloride, 
and the residue formed by the other radicle and the atom of typical 
oxygen unites with a second atom of chlorine, and gives the mono- 
chlorinated derivative of the normal acid : 

(3S}°) + si - rsi) + r rc sf«) 

Acetic anhydride. Chlorine. Chloride of Ghloracctic acid. 

acetyl. 

When hydrochloric acid is substituted for the chlorine, the reaction 
is of the same nature, only instead of .a monochlorinatod derivative 
of the normal acid, the acid itself is produced : 

(38}°) + ai - ra + rs}°) 

Acetic anhydride. Hydrochloric Chloride of acetyl. Acetic odd. 

acid. 

17th. With water, these anhydrides undergo double decomposition 
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and furnish two molecules of hydrated acid for each molecule of anhy- 
dride : 



Acetic anhydride. Water. Acetic acid. 


18th. When acted upon by hypochlorous anhydride, these anhy- 
drides give a mixed oxide of chlorine and their acid radicle : 


(SSSjo) + (3}°) 

Acetic anhydride. Hypochlorous 

anhydride. 


- «PS}°) 

Oxide of chlorine and 
acetyl (acetate of chlorine). 


These bodies are isomeric with the monochlorinated acids to which 
the anhydrides whence they aro derived correspond : 



Oxide of chlorine 
and of acetyl. 


C S H'C10 
, H 



Monochloracctic acid. 


19th. The monobasic acids of the series C H H iH 0 2 (flatty acids) aro 
capable of forming acid salts resulting from the juxtaposition of a 
molecule of acid and a molecule of a neutral salt. These salts cannot 
be considered as true atomic combinations. They are neutral salts in 
which a certain quantity of acid acts the part of water of crystallization. 


ACIDS BELONGING TO THE SERIES CIP^*. 

Preparation. — The natural acids of this series have each been pre- 
pared by a special process; oleic acid (C^IPO 2 ) has been extracted 
from oil by saponification ; pyroterebic acid (C®H l0 O 2 ) has been obtained 
by heating terebio acid ; angelic acid (C s II 8 0 2 ) is found ready formed 
in the angelica root ; crotonic acid (C 4 H 6 0 2 ) is extracted by saponifica- 
tion from the oil of croton tiglium , and acrylic acid is produced by 
oxidizing acrylic aldehyd (C 3 II 4 0) by oxide of silver. This aldehyd is 
formed by the action of bodies having great affinity for water on 
glycerine. 

An acid isomeric with oleic acid has been obtained by submitting 
bromo-8tearic acid to the action of oxide of silver : 

*r”g}o) + %}o . »(&}) + sjo 

Bromostearic acid. Oxide of silver. Bromide of Water. 

silver. 

+ -.C"?}®) 

Ibo-oIcIc add. 
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These processes are not general. But recently, Frankland has dis- 
covered a method of preparing acids of the series C n H 5in “ 2 0 2 syn- 
thetically. It is true that by this method he obtains, not the acids 
already known, but isomers of these. However, this synthesis has 
thrown such light on the constitution of all these acids, that Frankland 
hopes also to accomplish the synthesis of the natural acids. 

As will bo seen in biatomic and monobasic acids, Frankland has 
obtained acids resulting from the substitution either of two atoms of 
methyl or of two atoms of ethyl, or of an atom of methyl and one of 
ethyl, for the oxygen of oxalic acid : 


OH 

0 

o 

c 

rOH 

C a H 5 

C*H* 

8- 

rOH 

C a H* 

CH® 

sj 

OH 


0 

Loh 


O 

lOH 

1 


Oxalic acid. 


Btethoxalic 

acid. 


titho-methoxalic 

acid. 


-OH 

CH® 

cn» 


Himethoxalic 

acid. 


The ethers of these acids, acted upon either by phosphoric anhydride 
or by the terchloride of phosphorus, each lose H 2 0. This water is 
formed at the expense of an atom of hydroxyl, and an atom of hydrogen 
taken from one of the alcohol radicles. This latter radicle also 
becomes biatomic, and saturates that atomicity of the carbon set free 
by the elimination of OH. 



Bietlioxalate of ethyl. Terchloride 

of phosphorus. 


HI) + 3 (sd 

Phosphorous add. Hydrochloric 

acid. 


+ 


C*H C 
C ) C a H 4 " 



0 

1 0C a H°' 

Etbylcrotonate of ethyl. 


r°H v 

«F 

v octe*J 

+ (P 2 0 6 ) = 

/ CH® v 

c cm 4 " I 

Co--) 

+ 2(PO'"jg' H ) 


\ ocm‘l 

Ethomethoxalate 
of ethyl. 

Phosphoric 

anhydride. 

Methylcrotonale 
of ethyl. 

Mctaphosphoric add. 
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Birnctlioxalato of ethyl. Torcliloridc Phosphorous acid. Methacrylate of 

«!' phosphorus. etliyl. 



Hydrochloric ucid. 


Lastly, we have to mention the preparation of an acid of the formula 
(G 4 II e 0 2 ), isomeric or identical with the preceding, which Clans has 
obtained by boiling cyanide of allyl with caustic potash : 

+ §}° + S}0 - k|| + (o-II-KO-) 

Cyanide of Potash. Water. Ammonia. Potnssic crotonate. 

allyl. 

Pbopektiks. — 1st. Probably both the natural and artificial acids of 
this scries would directly fix two atoms of bromine, if they were 
acted upon by this metalloid, and would give a bibrominated acid of the 
series C”H 2 h O“ : 

(c 4 ll“0 J ) + JJf - (y 4 uwo a j 

C'rofonic acid. Bromine. Bibroraubu lyric 

acid. 

2nd. The natural acids submitted to the action of nascent hydrogen 
combine with this body, and are transformed into acids of the series 
C’TPO 2 : 

(cw) + n f = (^iro* j 

Crotonic acid. Hydrogen. Butyric acid. 

It is probable that the artificial acids would react in the same manner. 

3rd. Submitted to tho influence of potash in a state of fusion, the acids 
of this series, whether natural or artificial, disengage hydrogen, and are 
transformed into potassic salts of two acids of the series C M H 2 “0 2 : 

• 

^o»n»*o») + 2 (5 }o) = (owkc) + (cwko*) + ]{ f 

Oleic acid l’otosb. Palmitate of Acetate of Hydrogen. 

potassium. potassium. 

Constitution. — In order to determine the constitution of these acids it 
is important first to understand how their division under tho influence 
of potash takes place. 

Thus, when acrylic acid is considered, it will be seen that this acid, 
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the last in the series, can have no isomer, as no radicle can be substituted 


in a body having tho formula 


/ H 

/ C CE 

c (T 
\ 01 


without altering its com- 


position. This would not be the case with its homologues. The acid 
(C 4 H 6 O a ) may be written cither 

I on 3 n 

Oil 2 " 0 C 2 J1 4 " 

— or C cr- 
on OH 

We know that with fused potassic hydrate, acrylic acid is converted 
into potassic foriniato and acetate, hydrogen being disengaged. This 
reaction may bo viewed in two different ways : 

Either the group Oil 2 contained in acrylic acid is replaced by II 2 , which 
furnishes the acetic acid, while by absorbing O* it is itself transformed 
into formic acid. Such a reaction, is expressed 'by the following 
equation : 

Acrylic acid. Wutcr. Act-tic acid. Formic ucid. Hydrogen. 1 

Or the group 0* of aeiylic acid is divided in this reaction, which would 
then he expressed by the following equation : 

4i7l + < ! >°)4(L)4ir'H 


+ H* 




Acrylic odd. 


Acetic acid. Hydrogen. 


The study of ethylcrotonic acid, tho mode of production of which 
indicates its constitution, fortunately enables us to decide wliich of 
these equations is correct. 

If this acid bo supposed to be split up, according to tbe first or 
second of these hypotheses, it will be found to furnish in tbe first case 
a molecule of acetic acid and a molecule of butyric acid ; and in the 
second case, two molecules of propionic acid : 



Etbylcrotoulc acid. Water. Butyric ucid. Acetic acid. Hydrogen. 


* For tho sake of simplicity, wo luive supposed the hydration to take place directly 
with water instead of with potaBli. The reaction is the same in both cases: only with 
pottush, instead of free acids potassic salts are produced. 
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2nd. 


1 1 

era* \ 

c 

c*Hr| 

0 

1° 

\ 1 

Ioh 1 


Etfaylcrotonic acid. 


Water. Tropionic acid. 

-f IF 

Hydrogen. 


rh<s 

Propionic acid. 


Experiment having shown that it is a mixture of acetic and butyric 
acids which results when ethylcrotonic acid is treated by potash in 
fusion, it may bo considered that the division most probably takes 
place in conformity with the first of these two hypotheses. 

This reaction, once known, may serve to determine the constitution 
of the natural acids of the series C M I1 2 "~ 2 0 2 . 

In fact, if wo take the first homologuo of acrylic acid, the acid 
(C 4 H fl 0 8 ), we shall find it has two possible formulas: 


' IT 

o cm 4 ” 
C lo- 
on 


and 


Oil 8 
C CH 2 " 

cl- 

ou 


According to the first, it should be divided by potash into two mole- 
, culos of acetic acid. According to the second, it should give a mix- 
ture of propionic and formic acids. As, in fact, crotonic acid gives 
acetic acid when heated with potash, wliilo its artificial isomer 
gives a mixture of formic and propionic acids, the first of these two 


acids, crotonic acid, corresponds to the formula 


C 

C 


I 11 

| cm 4 " 
o 5 
on 


and 


tho 


other, methacrylic acid, to the formula 


C 


cn 8 

CH 2 " 



This latter repre- 


sents acrylic acid, of which a non-typical atom of hydrogen is 
replaced by methyl. 

If we now pass to the second homologue of acrylic acid, we find 
three possible formulae: 


l H 


CH 8 



C 3 H°" 

jO ’ 

C 
0 | 

cm*" 

0 

and 

8- 

IOH 


Ioh 




C 2 H° 

CH 2 " 

0 

Oil 


Of these three formulae, the third must bo injected, because it 
does not account for the transformation of the known acids having this 
composition into acetic and propionic acids. 
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Of the two o there, the second belongs to -methylcrotonic acid, as is 
shown by the manner in which this acid is formed ; only the first 
therefore can correspond to angelic acid. 

The third homologuo of acrylic acid may be represented by the four 
following formulas : 


H | CTF 

CjC 4 H 8 " C JCTT 
cm — ’ C lo- 
on I OH 


I CHI 0 C“H 7 

CjC a H 4 " C CH 2 " 

clo — ’ (Mo- 

Ion l OFT 


The mode of decomposition by potash of the known acids thus com- 
posed excludes the second and fourth of those rational formulas. Acetic 
and butyric acids are formed in this decomposition, while according to 
these formulae there ought to be formed either propionic acid alone, or 
a mixture of valeric and formic acids. Of the two formulae which 


remain, one 


H 

CHI 6 \ 
CHI 4 " 1 

0 

0 / 

V 1 

lOH ' 


belongs to the synthetical acid ; 


the other 


| is that of its isomer, pyrotcrcbic acid. 

Sixteen fonnulae would be possible for oleic acid, but of these only 
two would coincide with the decomposition which this acid undergoes 
under tho influence of potash ; theso aTe : 


l H 

c Jam 8 ” 
cio 

OH 


l H 

c J c“jr“" 
o jo” 
on 


and 


1 0 “II 20 

c Jem 4 ” 
C jo 
ion 


It is impossible to decide between these formulas, Frankland not 
having obtained synthetically any acid of the same composition as oleic 
acid which can he compared to it. But tho natural acids of this series 
having each a single radicle of alcohol in their molecule, tho first 
formula is the most probable. 

There remains campholic acid (C l0 H 18 O 2 ). But this has such different 
properties from the acids just reviewed, that it should not he placed in 
the same class. It appears to be much more completely saturated. 

On reviewing the preceding remarks, it may be asked if, where 2, 
3 . . . n formulae are said to be possible, there may not sometimes 
be a greater number. 

Thus, besides the two formulae of angelic and methylcrotonic acids, 



and 


| CH 8 
0 )C 2 H 4 " 
o jo — 


l OH 

Methylcrotonic acid. 
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there appoars to be a third possible : 

fir 



But this formula would be precisely the same as that of methylcro- 
tonic acid. This will bo seen by translating the two into molecular 
designs : 


CH 8 

COT 4 ' 

O 

on 


C 

C 


ill 8 


0*1 J 4 



op 

'Oil 


Aciylic acid and its natural homologues correspond to the formulas : 



II 


[H 

H 

0 

GIF" 

C 

c a ]l 4 ", c 

C 3 H®" 

0 

O ’ 

G 

0 c' 

o 


OH 


'OH 

OH 


They have a very simple relation with acetic acid, each of them 
being derived from that acid by the substitution of a radicle CH 2 * 
C 2 H 4 ", C S H°", etc., for II 2 . It is therefore probable that they would 
be obtained by causing the bihydrobromio ethers of the different 
glycols to act on bisodacetio ether : 



+ (C 2 n 4 "Br*) 




H * 
C a H 4 " 


O 

OH 


Biaodacetic ether. Bromide of 

ethylene. 

The artificial acids of this series 


Bromide of Crotonic add. 

sodium. 

might also be obtained by this 
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process, on substituting the homologues of acetic acid for the acid 
itself: 


C 

C 


CEP 

Na‘ 

0 

'.OOTP 


Blsod^roplomc 



Bromide of 
etliylene. 



Bromide of 
sodium. 


c 

c 


CH* \ 
C*H"' I 

0 / 

OH I 


Methylcrotouic 

acid. 


ACIDS OP THE SERIES C n IP*- 10 O 2 . 

Only ono acid of this series, cinnamic acid (C°H*0 2 ), is known. It is 
found ready formed in certain natural balsams, and is also obtained by 
oxidizing its aldebyd, tbe essential oil of cinnamon. It bas been pre- 
pared synthetically by two processes. 

First . — Oil of bitter almonds is heated with chloride of benzoyl 
in a closed vessel ; hydrochloric acid is disengaged and cinnamic acid is 
formed : 

(otto) + C 3 ™}) - “} + ( ^ ) 

Bwizoic Chloride of Hydrochloric Cinnamic acid, 

aldehyd. ucetyL ucid. 

Second Process.— Chloraceteno is made to act on benzoate of 
I>otassium: 

(CTPOj 0 ) + ( CSH a C1 ) = KJ _j_ ^ OTI !02^ 

Benzoate of potassium. Chloracetene. Potaseic Cinnamic add. 

. chloride. 

The chloracetene used in this preparation is produced by the reaction 
of chloride of carbonyl on ordinary aldehyd : 

(oto) + (C0"C1*) = + (co*) + (cto) 

Aldehyd. Chloride of Hydrochloric Carlxinic Chloracetene. 

carbonyl. add. anhydride. 

It may be presumed that on substituting another alkaline salt for 
benzoate of potassium, other acids of the same or of a different series 
might be obtained by the same process. 

Properties. — 1st. Cinnamic acid fixes direotly two molecules of 
bromine, and gives an acid which, under the influence of nascent 
hydrogen, is transformed into a new acid of the benzoio series : 

(C 9 H 8 0 2 ) + Br 2 = (CWO 2 ) 

Cinnamic acid. Bromine. Bibromoxylenic 

add. 

(C*H*Bj*0*) + 2(|}) = 2 (H}) + (CW) 

Bibromoxylenic Hydrogen. Hydrobromlc Xylenic add. 

acid. add. 
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2nd. This xylenic acid is also produced by the diroct action of 
nascent hydrogen on cinnamic acid. 

3rd. Potash in the state of fusion transforms cinnamic acid into a 
mixture of acetic and benzoic acids : 

(OTTO*) + 2(KHO) = (CTFKO*) + (C T H 5 KO s ) + §} 

Cinnamic add. Potash. Potasslc acetate. Benzoate of Hydrogen. 

potassium. 

Cinnamic acid therefore appears to act the same part in the aroma- 
tic series as acrylic acid acts in the series of the fatty acids. 

In the methods of preparation just described, the acids are some- 
times obtained in the state of salts, but nothing is easier than to obtain 
a free acid when we have one of its salts. If the acid be volatile, its 
salt only requires to be distilled with sulphuric acid. If the acid bo 
not volatile, it is transformed into a salt of lead, which is treated 
with sulphuretted hydrogen and water ; sulphide of lead is formed which 
is separated by filtration, and the acid set free is dissolved and obtained 
from the solution by evaporation. The preparation of the salt of lead 
is very easy. Its salts of fixed acids are in reality almost all insoluble, 
and are obtained by means of double decomposition, by mixing solu- 
tions of a soluble salt and acetate of lead. 

Monatomic Acids actually known. — These acids are : — 

1 st. In the scries C n H 2 "0 2 : 

Formic acid, C H 2 O 2 , corresponding to methylic alcohol, U IT 4 0. 
Acetic acid, C 2 II 4 O 2 , corresponding to cthylic alcohol, C 2 H fi 0. 
Propionic acid, C 3 II 6 O 2 , corresponding to propylic alcohol, C 3 II 8 0. 
Butyric acid, C 4 H 8 O a , corresponding to butylic alcohol, C 4 II 10 O. 
Valeric acid, C 5 IPO 2 , corresponding to amylic alcohol, C 5 IPO. 
Oaproic acid, C 8 H 12 0 2 , corresponding to hexylic alcohol, C 8 H 14 0. 
(Enauthylic acid, C 7 H 14 0 2 , corresponding to heptylic alcohol, C 7 IPO. 
Caprylic acid, C 8 H 1,! 0 2 , corresponding to octylic alcohol, C 8 IPO. 

Polargonic acid, G 9 IPO 2 , corresponding to nonylic alcohol, C 9 IPO*. 
Kutic acid, C 10 IPO 2 , corresponding to decylic alcohol, C 10 I1 22 0*. 
Laurie acid, C l2 II 24 0 2 , corresponding to dodecylic alcohol, C 12 1P0*. 
Cocinic acid, 0 13 IP0 2 , corresponding to tridecylic alcohol, C 13 II 28 0*. 
Myristic acid, C H IP0 2 , corresponding to tetradecylic 

alcohol C^IPO*. 

Benic acid, C 15 II 80 O 2 ?, corresponding to pentadocylic 

alcohol C 16 H 32 0* 

Palmitic acid, C 1G I1 32 0 2 , corresponding to cetylic alcohol, C 16 H 34 0. 

Margaric acid, C 17 II 34 0 2 ?, corresponding to heptadecylio 

alcohol C 17 IPO*. 

Stearic acid, C^IPO 2 , corresponding to octodecylic 

alcohol ....... C 18 H M 0*. 

Arachidic acid, C^IPO 2 , corresponding to the alcohol C 20 !! 4 *© 2 *. 

Cerotic acid, C^IPO 2 , corresponding to eery lie alcohol, C^IPO. 

Melissic acid, C^IPO 2 , corresponding to myricic alcohol, C °ll fi2 0. 
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Those alcohols marked with an asterisk are not yet known, though 
their acids have been obtained, and a note of interrogation is placed 
after benic and margaric acids, because benio acid is far from being 
known with certainty, and, according to Heinz, the body hitherto 
called margaric acid is a mixture of palmitic and steario acids. 

2nd. In the series C*H 2 *~ 2 0 2 : 

Acrylic acid C 3 H 4 0 2 , corresponding to allylic alcohol, CTEFO. 

Crotonic acid and its isomer, methacry lie acid, C 4 H°0 2 , corresponding 
to two isomeric alcohols, C 4 I1 8 0*. 

Angelic acid and its isomer, me thylcro tonic acid, OTFO*, correspond- 
ing to two isomeric alcohols, C H 10 0*. 

Pyroterobic acid and its isomer, ethylcrotonic acid, C fl H 10 O a , corre- 
sponding to two isomeric alcohols, C°11 12 0 2 *. 

Campholic acid, C 10 H 18 O 2 , corresponding to mentholic alcohol, 

C 10 H ,J0 O. 

Oleic acid, C^IT^O 2 , corresponding to oleic alcohol, C^H^O*. 

3rd. In the scries O'lI^O 2 : 

Sorbic and parasorbic acids, C‘ ! II 8 0 2 , corresponding to two isomeric 
alcohols, C 6 JI ln O*. 

Camphicacid, C lo n lr, 0 2 , corresponding to campholic alcohol (bomeol), 
C ln H 18 0. 


4th. In the scries C*Il 2 *-°0 2 ; 

ITydroberizoie acid, C ,7 II 8 0 2 , corresponding to the alcohol C 7 JF°0 2 *. 

5th. In the senes C H Ji 2, *~ p 0 2 : 

Benzoic acid, C 7 lI r 0 2 , corresponding to bcnzilic alcohol, C 7 IFO. 

Toluic and alphatoluic acids, C 8 II 8 0 2 , corresponding to tollylic 
alcohol, C 8 Il 10 O, and to a second unknown alcohol of the same compo- 
sition. 

Xylenic and alphaxylenic acids, C°H 10 O a , corresponding to two 
isomeric alcohols, C°H 12 0*. 

Cuminic acid, C 10 H 18 O 2 , corresponding to cumylic alcohol, C 10 H 14 O. 

Alphacymenic acid, C n H 14 0 8 , corresponding to cymelic alcohol, 
C”H 16 0*. 

6th. In the series CH**"" 1 *©* : 

Cinnamic acid and its isomer, atropic acid, C°II 8 0 2 , corresponding 
to cinnamic alcohol, C n Il 10 O, and to an unknown isomer of this alcohol. 
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Study op the best-known Monatomic Acids. 

Formic Acid. — Preparation. — Several processes have been used for 
tlio preparation of formic acid. It is generally produced when organic 
substances are oxidized. This acid is now usually prepared by de- 
composing oxalic acid by means of glycerine, which, by a catalytic 
action, causes oxalic acid to split up into formic acid and carbonic 
anhydride without itself being altered : 

(CTI'O 4 ) = CO a 4- (OTI 2 O f ). 

Oxalic acid. Carbonic Formic acid, 

un hydride. 

A solution of oxalic acid in water is added to glycerine and distilled. 
When a certain quantity of liquid has passed over, more of the solu- 
tion of oxalic acid is again poured into the retort containing the 
glycerine, and the operation is thus continued for an indefinite period. 

In order to obtain normal formic acid (CIFO*) entirely free from 
water, the distilled acid liquids are saturated with oxide of lead, evapo- 
rated to dryness, and the formiateof lead is well dried. It is then placed 
in a glass tube, which is heated in a sand-bath and through which a 
current of dry sulphuretted hydrogen is transmitted. Sulphide of lead 
and pure formic acid are produced. The latter distils over and is 
collected in a cold receiver : 



Formiate of lead. Sulphuretted Sulphide Formic acid, 

hydrogen. of lead. 


Berthelot has prepared formic acid synthetically by heating oxide of 
carbon with potash. By the union of these bodies, potassic formiate is 
formed, which by distillation with dilute sulphuric acid furnishes 
dilute formic acid, from which the pure acid is extracted as before : 

(OO") + ®0) - (™«}o) 

Oxide of J’utiLsh. 1’olassic formiate. 

carbon. 

Kolbo lias also obtained the formiate of potassium by transmitting a 
current of carbonic anhydride and vapour of water over potassium : 

(S}°) + 1} + 2 ( co "°) - ( c |}°’) + ( OT g}°) 

Water. Potassium. Carbonic Potassic Potassic 

anhydride. bicarbonate. formiate. 

Potassic formiate is also obtained by heating hydrocyanic acid 
with an excess of a solution of potash in alcohol : 

C3}) + (5}°) + (S}°) - rs}«) + («■) 

Hydrocyanic l\»tash. Water. Potassic formiate. Ammonia, 

acid. 
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This latter roaction is entirely analogous to that which gives the 
homologues of formic acid by means of the hydrocyanic ethers and 
potash. Water may in reality be considered as the first term in the 
series of the alcohols (C B H ft,+s O), for on taking away CH 8 from methylic 
alcohol CH 4 0, there remains H*0, which enters into the general formula, 
if in this latter n is made to equal 0. Hence hydrocyanic acid is 
similar to a cyanhydric ether, and ought, like these bodies, undor the 
influence of alkalies, to give the acid which corresponds to tho first 
homologue of water, methylic alcohol. 

Properties. — 1st. Bodies having great affinity for water, liko sulphuric 
acid, decompose formic acid, disengaging oxide of carbon : 

(chw) - (g}o) + (co) 

Formic acid. Water. Oxide of 

carbon. 

2nd. Chlorine and bromine take the hydrogen from foimic acid, but 
they are not substituted for it, as is the caso in the higher homologues 
of this acid. Tho molecule is entirely destroyed, and a mixture of hy- 
drochloric or hydrobromic acid gases and carbonic anhydride is disen- 
gaged : 

(CH*0 1 ) + g} = l(g}) + (CO-) 

Formic acid. Chlorine. Hydrochloric Carbonic 

acid. anhydride. 

3rd. Oxidizing agents give rise to a similar reaction. They seize 
tho hydrogen of formic acid to form water, and carbonic anhydride is 
disengaged. Formic acid has such a tendency to undergo this decom- 
position that it acts as a reducing agent. Thus, when heated with 
nitrate of mercury or of silver, it reduces these salts, precipitating tho 
metal. 

4th. Under the influence of powerful bases, formic acid is transformed 
into oxalio acid, disengaging hydrogen : 

2(CH 2 0 2 ) + BaO = (CW'0‘) + JJj- + Jfo 

Formic acid. Baryta. Oxalic acid. Hydrogen. Water. 

If too great heat were applied during this process, the oxalato itself 
would be transformed into carbonate, with disengagement of carbonic 
oxide. 

As oxalic acid may bo transformed by the action of nascent hydrogen 
into glycolic acid, which readily furnishes acetic acid, tho reaction of 
powerful bases on formic acid is a means of transition from the formic 
to the acetic series. 

/CTFOl \ 

Acetic Acid l Hf °/ — Preparation. — 1st. Acetic acid diluted 

with water constitutes the essential part of vinegar. It is formed by 
the oxidation of the alcohol contained in wine : . 
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(8® * » ■ (€) - M 

Alcohol. Oxygen. Acetic add. Water. 

Acotic acid is also produced in great quantities by tho dry distillation 
of several organic substances, especially of wood, and it is in this 
manner that the greater part of the acid used in manufactures is 
obtained. 

To transform pure alcohol into acetic acid, platinum black must be 
used, but when the alcohol is diluted it acetifies much more readily. 
Pasteur has of late years discovered that, contrary to tho general 
opinion, the transformation of wine into vinegar is not merely owing 
to the action of air, but to the influence of a particular ferment long 
known as mother of vinegar. At Orleans, where vinegar is manufac- 
tured in largo quantities, tho wine is allowed to run through vats full 
of beech chips. These chips increase the surface exposed to the air, 
and in this way aid the oxidation of the alcoholic liquid. But tho 
acetification only takes place when they are covered with mother of 
vinegar; therefore, when a new apparatus is used, the chips must first 
be steeped in vinegar charged with ferment. 

When the vinegar is distilled, the acetic acid is freed from tho 
foreign substances it held in solution, but is obtained very diluted. In 
order to procure it at its maximum concentration, tho diluted acid must 
be saturated by a base, potassium or sodium, and evaporated to dryness ; 
then the acetate is fused to drive off the last traces of moisture, and 
finally distilled with sulphuric acid. To free the distilled liquid from 
tho small quantity of sulphuric acid it may have earned over, it is 
shaken with very diy acetate of barium and again distilled. 

The acetic acid thus prepared is still not entirely freed from water ; 
c in order to offoct this, it must be congealed by means of a freezing 
mixture, and then allowed to resume its liquid state, the portions of 
acid which are first liquefied being rejected. After undergoing this 
process two or three times, it is entirely pure. 

The same method is used to extract acetic acid from the products of 
the distillation of wood. But before decomposing the acetate of sodium 
by sulphurio acid, this salt should bo gently roasted, so as to destroy 
foreign matters without altering itself. The salt must then bo Crystal- 
lized. 

Vcelckel has modified the method of extracting acetic acid from the 
products of the distillation of wood. He saturates these products by 
lime without rectifying them. Certain resinous substances are sepa- 
rated, while others remain in the solution along with the acetate of 
calcium, and colour it a deep brown. He then filters the liquid, 
reduces it to half its volume by evaporation in a brass dish, and adds 
enough hydrochloric acid to give it a persistent acid reaction : 2 or 3 
kilogrammes of acid are generally sufficient for 150 litres of vinegar. 

2 o 
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The resins which were in solution are thereby separated, and removed. 
He continues to boil the liquid, in order to drive off certain volatile sub* 
stanoes, such as creosote, which are set free at the same time as these 
resins, and then dries thoroughly the aoetate of calcium, after whicl 
it is distilled with hydrochloric acid (90 to 95 parts of hydrochloric acic 
of a density of 1*16, for 100 p. of the acetate). To remove anj 
hydrochloric acid which may have passed over during the distillation 
the product is rectified with potassic bichromate. This also destroys f 
foreign substance which communicates a peculiar odour to the acetic acid 

The acetic acid thus obtained though strong enough for the ordinary 
requirements of commerce is still considerably diluted. To concentrate 
it, it must be transformed into a salt of sodium, and then submitted t< 
the process already described. 

Formerly, a highly-concentrated acid was obtained in pharmacy b} 
submitting the acetate of copper (or lead) to dry distillation. But s 
part of the copper passes to the state of sub-acetate and crj stellizes ii 
the neck of the retort, a portion of this is carried over by the aci< 
which distils, then it absorbs oxygen and is converted into per-acetate 
colouring the acid blue. It is therefore necessary to rectify the acoti- 
acid obtained by this process a Becond time. 

Besides the ordinary method of preparation already described, am 
which alone is usdd in manufactures, there exist other methods of pi c 
paring acetic acid, which arc all synthetical. 

1st. Acetate of potassium, and consequently acetic acid, may be pre 
pared by boiling cyanide of mcthjd with an alcoholic solution of potasb 
until all disengagement of ammonia ceases, and then evaporating tk 
alcohol : 



Cyanide of Potash. Water. Pot/wsic Ammonia 

methyl. acetate. 


2nd. Totassic acetate may also be prepared by causing carbon i 
anhydride to act on potassium-methyl : 

( c ® + (C0 ’ 0) = (c{<r) 

Potassium- Carbonic Potassic 

methyl. anhydride. acetate. 

3rd. Melsens has obtained acetic acid by submitting trichloraceti 
acid to the action of nascent hydrogen, disengaged from water b 
sodium amalgam : 



Trichloracetic Hydrogen. Hydrochloric Acetic add. 

add. add. 
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This method is synthetical, since Kolbe has succeeded in preparing 
trichloracetic acid by causing water and chlorine to act simultaneously 
on the chloride of carbon (C 2 C1 4 ). This latter reaction takes place in 
two stages : in the first, this chloride absorbs Cl 8 , and passes to the 
state of bicarbonic hexachloride (C 2 C1®) ; in the second, this latter body 
is transformed into hydrochloric and trichloracetic acids : 


(cm 4 ) + ci} 

Protochloridc Chlorine, 

of carbon. 


(C*C1*) 

Bicarbonic 

hexachloride. 


(C*C1*) + 2(g}0) 

Bicarbonic Water, 

hexachloride. 



Hydrochloric Trichloracetic 

acid. acid. 


The protochloride of carbon (C 8 C1 4 ) is produced when the per- 
chloride (CC1 4 ) is transmitted through a red-hot tflbe, and the perchlo- 
ride (CC1 4 ) is formed by the reaction of dry chlorine on the sulphide 
of carbon : 

(off) + 4(g}) = (CC1‘) +. 2 (gJ}s) 

Sulphide of Chlorine. Perchloride Chloride of 

carbon. of carbon. sulphur. 


4th. Hamitz-Hamitzky has obtained the chloride of acetyl, and 
consequently acetic acid, by causing marsh gas to act on the oxy- 
chloride of carbon : 


(on-) + (co"ci*) - + g} 

Marah gas. Oxychloride Chloride of Hydrochloric 

of carbon. acetyl. acid. 



Chloride of Water. Hydrochloric Acetic acid, 

acetyl. acid. 


Properties. — Concentrated acetic acid crystallizes at +17° in brilliant 
transparent plates, but it loses this property if a small quantity of 
water bo added; above 17° it is a colourless transparent liquid of a 
density of 1-064, having a strong odour of vinegar and a very acid 
taste. It is sufficiently corrosive to cause a blister when applied to 
the skin. 

It boils at 120°; its vapour density taken between 219° and 239° 
has been found by Cabours to be from 2*12 to 2*7, but it is greater at 
a lower temperature; it diminishes gradually towards 219°, where it 
becomes constant. 


2 o 2 
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Acetic acid absorbs moistnre from the atmosphere, and mixes in all 
proportions with water and alcohol ; if water be added to it, its density 
at first increases, but diminishes if the dilution be continued. Its 
maximum density is 1 *073. It corresponds to the hydrate (C 2 II 4 0 2 )-f-aq. 
and boils at 104°. 

The vapour of acetic acid is inflammable, and bums with a beautiful 
blue flame. 

This acid dissolves camphor, the resins, fibrin, coagulated albumen, 
and several other substances. Phosphorus is slightly soluble in it. 
Nitric acid does not attack it. Periodic acid converts it into formic 
acid and carbonic anhydride, and itself passes to the state of iodic acid, 
or even of free iodine. This is meroly an instance of oxidation. 



Acetic acid. Oxygen. Formic acid. Carlxmic Water. 

4 anhydride. 


When a mixture of acetic and concentrated sulphuric acids is heated, 
it turns black, and sulphurous and carbonic anhydrides are disengaged. 
When, instead of ordinary concentrated sulphuric acid, disulphuric 
(Nordhausen) acid is employed, the mixture becomes heated sponta- 
neously, and if the temperature be further raised, carbonic anhydride, 
almost free from sulphurous anhydride, is disengaged. When sulphuric 
anhydride is thrown into crystallizablo acetic acid, and the mixture 
is heated for some time to 75°, sulpliacetic acid is obtained: 

f™} 0 ) + (S0’"0) = (fC‘H 2 (S0*)0]"|gg) 

• Acetic add. Sulphuric Sulphacetic add. 

anhydride. 

This acid is isolated by diluting the liquid with water, saturating 
with carbonate of lead, and filtering. The excess of sulphuric anhy- 
dride passes into sulphuric acid, and is then precipitated in tho 
state of sulphato of lead, while the sulphacetate of lead remains in 
solution. It may either be crystallized or he used for the preparation 
of sulphacetic acid by submitting it to the action of a current of 
sulphuretted hydrogen : 

([C'H s (so 2 )0]''jg[rb") + (g}s) = (i>bs) 

Sulphacetate of lead. Sulphuretted Sulphide 

hydrogen. of lead. 

+ ([COT(S0 2 )0]" | gg) 

Sulphacetic acid. 

The persulphide of phosphorus transforms aoetic acid into thiacetio 
acid: 



AOETIO ACID. 


565 


• ("“SJo) + (PBF) = 5( 08H ^}s) + (w) 

Acetic odd. Persulphide Thiaoetic add. Phosphoric 

of phosphorus. anhydride. 

Chlorine can be substituted for one, two, or three atoms of the 
hydrogen of acetic acid. For this substitution to take place readily, 
the operation must be conducted in the sunlight. Bromine also aots 
in the same manner, but only when heated with the acid to a high 
temperature in hermetically- sealed tubes. 

Acetic acid is a bad conductor of electricity, but the acetate of potas- 
sium is decomposed by galvanism, and methyl is formed : 



+ 2}° 

- (£}) 

, H) 

+ Hf + 

(co*) 

Potassic acetate. 

Water. 

Muihyl. 

Hydrogen. 

Carbonic 

anhydride. 


+ 

(TJo.) 





Potassic carbonate. 




When the acetate of potassium is distilled with arsenious anhy- 
dride, a foetid and vciy inflammable oil passes over. This oil, which 
is known as Cadet’s fuming liquid, is chiefly composed of the arsenide 

of methyl jp j Asj . 

The pentachloride, terchloride, and oxychloride of phosphorus 
convert acetic acid into chloride of acetyl, volatile at 55° : 

M + *CS}0) - <™S|) + + (i-o'"(oh) 

Pcrchloridc Acetic acid. Chloride of Hydrochloric Phosphoric acid, 

of phosphorus. ucetyl. acid. 

Clilorido of acetyl, distilled with acetate of potassium, is transformed 
into anhydrous acetic acid volatile at 137° • 5 : 

rsi) + r?}°) - m + csss}®) 

Chloride of acetyl. Potassic acetate. Chloride Acetio anhydride. 

of potassium. 

When acetic acid is heated with the different alcohols in hermetically- 
sealed tul$s it etherifies them ; acetate of ethyl may be obtained in this 
manner : 

r» + (T}°) - (°^}°) + 

Acetic add. Alcohol. Acetate of ethyl. Water. 

The acetate of ethyl has an ethereal odour; it is slightly soluble in 
water. Bromine splits it up, forming bromacetic acid and bromide of 
ethyl (Crafts) : 
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CS}0) + 53 - c«S}o) + (Tl) 

Acetate of ethyl. Bromine. Bromaoetic acid. Bromide of 

ethyL 


Acted upon by sodium, this ether exchanges one or two atoms of 
hydrogen for the metal. The products thus obtained enter into double 
decomposition with the iodides of ethyl and methyl, and give homo- 
logues of acetate of ethyl (Frankland) : 



Acetate of ethyl. Sodium. 


/ 1 

Na* \ 

0 

H 

c 

1° 

\ 1 

locw/ 


Disodaci-tic ether. 


■n) 

Iodide of methyl. 



Dlsodacetic ether. Hydrogen. 


+ 

Iodide of sodium. 


rcH a 

C1I 5 

n 


0 
l O' 


OC*H B 

Butyrate (di- 
mcthiioetatc) of ethyL 


Acetic is a powerful acid, forming well-defined salts, resulting 
with monatomic metals from the substitution of an atom of metal for 
an atom of hydrogen. Several of these salts combine with a molecule 
of free acetic acid and form what are called binacotates : 


OTTO) 

M7 


0 , 


OTTO 

H 



In these compounds, acetic acid must be considered as acting the 
same part as the water of crystallization in salts. 

The soluble acetates assume a deep-red colour when a little ferric 
chloride is added to their solution. This coloration is owing to the 
formation of ferric acetate, and disappears under the influence of agents 
which reduce the ferric to the state of ferrous acetate. 

When heated with an excess of alkali, the acetates furnish marsh gas. 

Distilled with dilute sulphuric acid, they give acetic acid, which may 
be recognized by its forming, when litharge is digested in it, a sub-salt 
of lead, which colours litmus paper blue. 

( C4]J70 ) \ • 

0 J. — Preparation. — 1st. Butyric acid is 

found ready formed in the stalks and fruit of certain vegetables, such 
as the carob tree and tamarind, from which it may be extracted by 
distilling them with dilute sulphuric acid. It cannot however bo 
obtained in large quantities by this process. 

2nd. There exists in butter a neutral fatty body, glyceric tributyrate, 
which is resolved into an alkaline butyrate and glycerine when 
saponified with potash or soda : 
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«°-) H- a(l}o) . 3(^0} 0 ) + (T» 

Glyceric tributyrate. Potaaslc hydrate. Potaaric butyrate. Glycerine. 

It is from this compound that Chevreul first extracted it. But tho 
butyrin is here mixed with a number of other neutral fatty bodies which 
arc separated with difficulty, and many of which furnish volatile acids, 
liomologues of butyric acid (caproic, caprylic, and capric acids), by 
distillation. Butyric acid prepared from butter is therefore very difficult 
to purify, and as moreover butter only yields the acid in small quantity, 
this process is not now employed. 

3rd. Butyric acid is produced in a particular fermentation of the 
different kinds of sugars, starch, and other analogous substances. When 
these are left with casein or its congeners at a temperature of about 
30° a my coderm is first developed which acts as a ferment, and trans- 
forms them into lactic acid ; then an infusorial animalcula, also acting 
as a ferment, is in its turn developed, and under its influence the 
lactic acid is converted into butyric acid, carbonic anhydride, and 
hydrogen. 

The following equation shows the transformation : 

2(C 3 H®0 3 ) = (CW) + 2(C0 2 ) + 2H 2 

Lactic acid. Butyric acid. Carbonic Hydrogen. 

anhydride. 

However, as a vital action, not a simple chemical reaction, is here in 
question, it is most probable that the phenomena are more complicated, 
and that this equation is only apparently correct. 

The following is the method employed to prepare butyric acid by 
means of fermentation. 

Three kilogrammes of cane sugar and fifteen grammes of tartaric 
acid are dissolved in fifteen kilogrammes of boiling water and left for 
several days; then sixty grammes of old decayed cheese, in four kilo* 
grammes of curdled skim milk, along with half a kilogramme of washed 
chalk, are added to the mixture, which is left at a temperature of 30° or 
35° and stirred several times a day ; at the end of about ten days it has 
become a thick milky substance — lactate of calcium. After some days the 
muss again becomes more fluid and gas bubbles begin to be developed. 
When all gaseous disengagement has ceased, which will be after five 
or six weeks, the fermentation is completed. Then a solution of four 
kilogrammes of crystallized carbonate of sodium is added to the mixture, 
which is filtered through a linen cloth to separate the carbonate of 
calcium, which is well washed. 

The filtered liquid is boiled down to five kilogrammes, then 2 kUo 
750®* of sulphuric acid are added to it ; the greater part of the butyric 
acid is then separated in the form of an oil which floats on the surface 
of the liquid, and is decanted off. The aqueous liquid is then distilled. 
The product of the distillation, saturated by sodic carbonate, suitably 
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evaporated, and acted upon by sulphuric acid, gives a fresh quantity 
of butyric acid which is added to the first. 

The butyric acid thus obtained is distilled, after sixty grammes of 
sulphuric acid have been added for each kilogramme. This acid 
transforms the neutral sodic sulphate with which the butyric acid is 
mixed into acid sulphate, as it would interfere with the distillation. 
The first portions which come over, and which are hydrated, are sot 
aside. The receiver is changed when the temperature has attained 
164°. That which then passes over is pure butyric acid. 

Schubert proposes to replace the clieeso by meat, and the sugar by 
starch in this operation (1 part of meat to 4 of starch) ; the fermenta- 
tion would then, according to him, be completed in fivo or six days. 
According to Wickles, this process is very economical and has the 
advantage of being successful on a small scale. 

4th. Butyric acid may also be prepared by the oxidation of butylic 
alcohol, which is extracted by fractional distillation from the same 
residues used for the extraction of amylic alcohol. But as these 
residues only contain very little butylic alcohol, and as much time is 
required to separate this alcohol in a pure state, this method of 
procuring butyric acid is never employed. 

5th. When iodide of methyl or of ethyl is made to act on the sodic 
derivatives of acetate of ethyl, bodies arc obtained which have the 
samo composition as the butyrate of ethyl, and which consequently by 
saponification would give acids of the samo composition as butyric 
acid (Frankland and Duppa). 


p I 

(OC 2 H 8 ' 

] >isoducctic ether. 


+ 


2(CIFI) = 


Judiilc of methyl. 



Dlmethacclate of ethyl. 


+ 2(NaI) 

Iodide of sodium. 


I Na 
IF 
0“ 
OCTF/ 

Monosodocetic ether. 


+ (0 2 1FJ) 


Iodide of ethyl. 


C'lF 
C II 8 
clo 
|0C*H' 

Ethucvtute of ethyl. 


+ Nal 


Iodide 
of sodium. 


Would the dimethacetate and the ethacetate of ethyl give two acids 
identical with the butyric acid of fermentation, or are theso three acids 
isomers ? This is not yet known. It is, however, probable that ethacetic 
acid is identical with the butyric acid of fermentation, and isomeric 
with dimethacetic acid. 

Properties. — Pure butyric acid is a colourless and very unstable 
liquid ; its odour is something between that of rancid butter and acotic 
acid, and it has an acrid burning taste. 

The density of butyric acid at its maximum of concentration is 
0-9886 at 0°, to 0-9739 at 15°, and 0-9G75 at 25°; the density of a 
mixture of two parts of this acid and one part of water is 1 -00287. 



BUTYRIC ACID. 


569 


Butyric acid is soluble in all proportions in water, alcohol, or wood- 
spirit. It boils at 1 64° ; its vapour density has been found to be 3 • 7 at 
the temperature of 261°. As in the case of acetic acid, this number 
only becomes constant at a temperature considerably above its boiling 
point. Butyric acid remains fluid at — 20°, but it crystallizes in large 
plates in a mixture of solid carbonic anhydride and ether. It corrodes 
the skin. Its vapour burns with a blue flame. 

Butyric acid is not altered by sulphuric acid at the oidinaiy tomper- 
ature, and is only partially decomposed when their mixture is heated. 
Cold nitric acid does not attack it, but when boiled with it for some 
time transforms it into succinic acid : 

2(C 4 H 8 0*) + 30* = 2(11*0) -j- 2(C 4 H 8 0 4 ) 

Butyric add. Oxygen. Water. Sucdnicacid. 

Jn sunlight dry chlorine converts butyric acid first into bichloro- 
butyric acid find then into quadrichloro-butyric acid. 

Bromine does not act on it in the cold, but if a mixture of these two 
substances be placed in a hermetically-sealed tube and hoated to 
between 150° and 200°, hydrobromic acid and, according to the 
quantity of bromine, monobromo- or bibromo-butyric acid are formed. 
The latter is crystallizable. In performing this experiment it often 
happens that carbon is deposited, a portion of the acid being entirely 
decomposed and yielding its oxygen to another part, which is convortcd 
into succinic acid. 

The perchloride of phosphorus transforms butyric acid into chloride 
of butyryl : 

rSi°) + (rci*) = (roro) + (hci) + ( C<H S}) 

Butyric acid. Perchloride Oxychloride Hydrochloric Chloride of 

of plioBphoruB. of phosphorus. acid. butyryl. 

This chloride boils at 95°. It is decomposed by water, butyric 
and hydrochloric acids being formed ; when distilled with dry sodic 
butyrate, it furnishes chloride of sodium and butyric anhydride, which 
is volatile at 190°. 

Butyric acid is monobasic and monatomic, and exchanges an atom of 
hydrogen for an atom of a metal, or for a radicle of a monatomic 
alcohol, thus forming neutral salts or ethers : 


/C'Wl n \ 

/C‘ffO'1 0 \ 


l IV 1 °) 

Neutral butyrate. 

Neutral butyric ether. 


When dry, butyrates have no odour, but when moist they smell like 
butter. They are generally soluble in water and crystallizable ; when 
thrown upon water they often present rapid gyratory motions. 

When butyrate of calcium is submitted to dry distillation butyrono 
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(C 7 n 14 0) = passes over; in this ease lower acetones of the 

same series are also produced. 

Valerie Acid ^ | 0^. — Preparation. — This acid was first ex- 

tracted from the oil of the porpoise, whioh contains its elements ; later 
it was procured from valerian root, but now it is always prepared by 
oxidizing amylic alcohol, whence it is derived by the substitution of 
0 for n 2 : 

rs}o) + si - gfo + rsio) 

Amylic alcohol. Oxygen. Water. Vah ric acid. 

The operation is conducted in the following manner : 

Amylic alcohol is dissolved in concentrated sulphuric acid ; this 
solution is gradually poured into an aqueous solution of bichromate of 
potassium, and distilled when the reaction has ceased. An aqueous 
solution of valorio acid, covered by an oily layer of valeric aldehyd, 
passes over. The aldehyd is decanted, and the acid liquid is saturated 
by an alkaline carbonate and evaporated to dryness. The alkaline 
valerate is then distilled with dilute sulphuric acid, and the product 
is submitted to fractional distillation, by means of which it is freed 
from the water it contains. 

A mixture of one part of amylic alcohol and ten parts of potash- 
lime may be heated first to 175°, then to 200° for 10 or 12 hours, until all 
gaseous disengagement ceases. The mixture must be protected from the 
air while cooling or it will take fire. It is then distilled with diluto 
sulphuric acid. The product is saturated with sodic carbonate and 
evaporated to dryness, by which it is freed from any oily matters it 
may contain. After this it is distilled with sulphuric acid, and 
separated from the water by additional rectifications. 

Properties. — Valeric acid is an unstable, colourless, limpid liquid, 
of an acrid, pungent taste, and a powerful odour resembling that of 
valerian root; it boils without decomposition at 175°, and remains 
fluid at —15°. Its density is 0*937 at 16°*5 ; its vapour density is 3*G7. 
It produces a white mark on the tongue. 

The vapour of valeric acid bums with a sooty flame. When a 
valerate dissolved in water is decomposed by means of a mineral acid, 
valeric acid is separated in the form of an oily hydrate C B H ,0 O a + aq., 
which boils at a lower temporature than the normal acid, losing its 
water by heat, and the density of which (0*950) is greater than that of 
the dry acid. 

Valeric acid mixes with alcohol and ether in all proportions ; acetic 
acid of the density 1*07 also dissolves it largely, but water at 12° only 
dissolves a thirtieth part of its weight ; therefore an alcoholic solution 
of valeric acid becomes cloudy on the addition of a small quantity of 
water, but becomes clear again when a considerable quantity is added. 
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Camphor and some of the resins are dissolved by valeric acid ; sul- 
phur is entirely insoluble in it. 

Valerio acid is charred by hot sulphuric acid, disengaging sulphur- 
ous anhydride. Concentrated nitric acid converts it into nitro-valeric 
acid: 

(C 6 H ,0 O a ) + (NHO 3 ) = (H 2 0) + (C 6 n 9 (N0 2 )0 2 ) 

Valeric add. Nitric add. Water. Nitro-valeric add. 


The vapour of valeric acid, transmitted through a rod-hot tube full 
of fragments of pumico-stono, is rosolved into several gases, among 
which may be distinguished carbonic anhydride, oxide of carbon, 
ethylene, propylene, butylene, and perhaps other hydrocarbides of the 
series C*n 2 **. Propylene (C 8 H fl ) appears to be the most abundant of 
these hydrocarbides. 

When distilled with an excess of baryta, valeric acid also gives 
gaseous products, among which are found hydrocarbides of the ethylene 
series (C"H 2b ), free hydrogen, and perhaps marsh gas. 

Chlorine transforms valeric acid into products of substitution. 
Bromine does not attack it in the cold, but at 100° it transforms it 
into bromo-valeric acid. 

Valeric acid is a bad conductor of electricity, but when potassio 
valerate in aqueous solution, is submitted to the influence of the elec- 
tric current, hydrogen, carbonic gas, and butylene (C 4 H 8 ) are dis- 
engaged, and there is produced at the same time liquid dibutyl (OTP 8 ) 
which floats on the surface of the mixed liquids. 

Valeric acid forms defined salts arising from the substitution of a 
metal for the typical hydrogen the acid contains. These salts correspond 


to the general formula 



Under the influence of oxychloride of phosphorus, the valerate of 
potassium when quite dry is transformed into valeric anhydride, volatilo 
at 215°. 



Oxychloride of 
phosphorus. 



Valerate of Phosphate of 

potassium. potassium. 



Valeric anhydride. 


+ 3 (ci}) 

Chloride of 
potassium. 


The valerates when dry are without odour, but when moist they 
have a strong smell of valeric acid. They possess the property of 
gyrating on the surface of water, and many of them, especially the 
alkaline valerates, have a sweet taste. 


Benzoic Acid j. oj. — Benzoic acid has long been known, and 

is obtained in a number of reactions. 
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Preparation. — 1st. Benzoic acid is extracted from the resin of ben- 
zoin, in which it exists ready formed. To effect this, 500 grammes of 
the coarsely-powdered resin are placed in an iron vessel of from 10 to 
12 inches in diameter and 1 to 2 inches in depth. The vessel is 
tightly covered with a sheet of bibulous paper, above which is fitted a 
cylinder of cardboard about the size of a man’s hat, open at the lower 
part but closed at the top. The vessel is then heated in a sand-bath 
at a moderate temperature for three or four hours. The benzoic acid in 
vapour passes through the diaphragm of bibulous paper, and is crystal- 
lized in the cardboard cylinder, while the diaphragm retains the oily 
and empyreumatio products. 

This process is far from giving all the benzoic acid contained in 
the benzoin. A better method consists in boiling the powdered resin 
for sevoral hours with milk of lime, filtering and concentrating the 
liquid, and then precipitating by hydrochloric acid. The benzoic acid 
which is deposited should be purified by sublimation or by crystalliza- 
tion from boiling water. 

2nd. Benzoic acid having of late years become an article of commerce, 
it is now manufactured from the urine of the herbivora, which contains 
hippuric acid. To effect this, the urine is boiled with hydrochloric 
acid, and allowed to cool, when benzoic acid is deposited in crystals, 
and has only to be purified by solution in boiling water and a second 
crystallization. The urines from which the benzoic acid is deposited 
hold glycocol (glycolamidic acid) (C 2 N 5 H0 2 ) in solution. 



Jlippurlc acid (benzo-glycocol). Water. Glycocol. 


+ r» 

Benzoic acid. 

3rd. MM. Lauth and Grimaux have found lhat considerable quan- 
tities of benzoic acid are obtained when monochlorinated tolueno 
(chloride of benzyl) is oxidized by nitric acid. 

The two first methods of preparation are tho only ones used in 
manufactures, but that of MM. Lauth and Grimaux deserves to replace 
thorn. 

Besides these processes, benzoic acid may also be obtained by the 
following methods. 

4th. Benzoic aldehyd (essential oil of bitter almonds), extracted from 
bitter almonds by distilling them with water, oxidizes in the air and 
is thereby converted into benzoic acid : 

2(C 7 H*0) + qJ * 2(C , H , 0 , ) 

Benzoic aldehyd. Oxygen. Benzoic acid. 
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5th. Trichlorinated toluene is transformed into benzoate and chlo- 
ride of potassium when heated with a concentrated solution of potassic 
hydrate in alcohol (Naquet) : 


(OT-OP) + 4(glo) . (O^Jo) + »(K 


Trichlorinated 

toluene. 


Putassic hydrate. 


Benzoate of 
potassium. 


■m 


Chloride of 
potassium. 


6th. Benzoic acid is formed when water acts on the chloride of 
benzoyl, and this latter is obtained by the reaction of benzine in vapour 
on the oxychloride of carbon (Hamitz-Hamitzky) : 


(«*) + M© - r* <c $}) 

Chloride of benzoyl. 


Oxychloride of 
carbon. 


Hydrochloric 

acid. 


r^i}) +i}° - 


rsi o) 


Chloride of benzoyl. 


Hydrochloric 

acid. 


7th. Benzoic acid is produced in a number of reactions, as^n the 
oxidation of cumene, ethyl-benzine, cinnamic aldehyd, cinnamic acid, 
cinnamene, casein, gelatine, etc., etc.* 

* Hofmann has just discovered a very elegant synthetical process, by means of 
which he has prepared benzoic acid and all its true homologucs, as well as a new 
acid (C T, H 8 0 2 ) which bears the same relation to naphthalin that benzoic acid does to 

benzine, that is to say, it is derived from naphthalin by the substitution of ^0 |qh) 

for H. To effect this, Hofmann prepares the compound ammonias which are derived 
from tlio fundamental hydrocarbidcs, benzine, toluene, naphthalin, etc. (he uses the bases 
analogous to aniline, and not tohenzylnmine and its homologucs), and then distils these 
bases with oxalic acid. One molecule of oxide of carbon is detached from this acid 
and unites with the typical hydrogen of the base, to form formyl (COH), and phe- 
nylic, cresylic, or naphthylic, etc., formamide is produced. The compound formamide 
thus obtained is deprived of H 2 0 by distillation, and gives the cyanide of its phonic 
radicle. By boiling with an alcoholio solution of potash, these cyanidcB furnish tlio 
salts of the acid sought for. The following are the reactions just described : 


“■ (T)*) + - (8f|») 


Naphthylamlne. 


Naphthyl- 

formamide. 


CO 2 4- EPO 

Carbonic Water, 
anhydride. 


/0 ,0 H« r | \ 

(°°h| N ) 

Naphthyl* 

formamide. 


= H 2 0 + (C 10 H 7 CN) 

Water. Cyanide of 

naphthyl. 
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Properties. — Benzoic acid crystallizes in plates or in transparent 
flexible needles ; it has an agreeable odour resembling that of benzoin, 
and an acrid acid taste. It melts at 120°, sublimes at 145°, and boils 
without decomposition at 239°; its vapours are acrid and excite 
coughing. It dissolves in twice its weight of boiling water, but 
requires two hundred times its weight of cold water for solution : 
alcohol and ether readily dissolve it. 

Concentrated sulphuric dissolves benzoic acid, but water precipi- 
tates the latter from this solution. Nordhausen sulphuric acid, and 
especially sulphuric anhydride, convert benzoic into sulphobenzoic 
acid. As this latter forms a salt of barium which is soluble in water, 
it may be readily separated from any excess of sulphuric anhydride. To 
effect this, it has only to bo dissolved in water, the solution preci- 
pitated by baryta, and a current of carbonic gas transmitted through 
it to eliminate the excess of hydrate, and then filtered and left to 
evaporate, when the sulphobenzoato of barium crystallizes : 

(CWOJo') (son)) 

Benzoic acid. Sulphuric anhydride. 

« (C’HKSo'onj'Jo) _ ( (CnrsoT |p 

v v * ' 

Sulphobenzoic acid. 

Concentrated nitric acid transforms benzoic into nitrobenzoic acid, 
and a mixture of sulphuric and nitric acids converts it into binitro- 
benzoic acid : 

to + r„» - + s}o 

Benzole acid. Nitric acid. Nitrobenzoic acid. Water. 

rs} 0 ) + «[<>) - (^^o) 

Benzoic acid. Nitric acid. Hinltrobenzoic acid. 

+ 2 (h|°) 

Water. 

Nitrobenzoic acid gives oxybenzamic, improperly called benzamic 
acid, when submitted to the influence of reducing agents : 

3rd. (C“B70N) + (h}°) + (h} °) 

QyanldR of Potash. Water. 

naphthyl. 

+ (cOTojOy 

Salt of new add. 



Ammonia. 
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rn°} 0) + 8 (S[) 

Beuzamic add. Hydrogen. 

+ «@0) 

Water. 

In sunlight, chlorine appears to givo substitution products with 
benzoic acid. The mono chlorinated derivative is moreover easily 
obtained by heating benzoic acid with pcrchlonde of antimony. 

Bromine does not act on benzoic acid in the cold, but it converts 
benzoate of silver into bromobcnzoic acid. This latter gives oxyben- 
zamic acid by the action of ammonia (Alexeicf) : 

(C 7 H r, Ag0 2 ) + Br 2 = (AgBr) + (C 7 H 5 Br0 2 ) 

Benzoate of Bilver. Bromine. Bromide of Bromobcnzoic acid. 

silver. 

(CTPBrO*) + 2 (NIP) = (OTFNO 2 ) + (NH 4 Br) 

Bromobcnzoic acid. Ammonia. Oxybcnzamic acid. Bromide of 

ummonium. 



n 


Oxybcnzamic acid. 


Submitted to the influence of nascent hydrogen, benzoic acid is 
reduced, part into benzoic aldehyd (Kolbc) or bcnzylic alcohol 
(Friedel), and part fixes II:, giving a new acid, the hydrobenzoic : 


Benzoic acid. 

r*g}o) 


+ 


+ 


Hydrogen. 

■(?}) 


Benzole acid. 


2 ( 

Hydrogen. 


/C 7 H®0 
t H 

Benzoic acid. 


}°) + 51 } 


H 
H 

Water. 


rsi 

Benzoic aldehyd. 


Hydrogen. 


f° + 

ater. 

S}<> + 

Water. 

- C2}o). 

Hydrobenzoic acid. 


!}) 


rs'fo) 

Benzyllc alcohol. 


Distilled with an excoss of lime or baryta, benzoic acid is split up into 
carbonic anhydride and benzine (C 6 J 1°) ; the same division takes place 
when vapours of the acid are transmitted through a red-hot tube, or 
when one part of the acid is distilled with five or six parts of finely- 
powdered pumice-stone : 

(C 7 H 6 0*) = (CO 2 ) + (C 6 H 6 ) 

Benzoic add. Carbonic Benzine, 

anhydride. 

When benzoic acid is treated with perchloride of phosphorus, chloride 
of benzoyl is produced : 

rs}°) + ( ra *) = o^) + §} + c^si) 

Benzoic odd. lYrchlorido Oxychloride Hydrochloric Chloride of 

of phosphorus. of phosphorus. acid. • benzoyl. 
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This ohloride boils at 196°. When distilled with dry benzoate of 
sodium, it gives benzoic anhydride, which is a crystallizable body, 
fusible at 42°, and volatile without decomposition at 310° : 


rsi) + 


Chloride of 
beczoyl. 


Benzoate of potassium. 


Chloride 
of potassium. 


/OTTO) Q \ 
VCTT'Of U J 

Benzoic anhydride. 


Benzoic acid, on reacting with bases, exchanges its typical hydrogen 
for a metal, forming salts which correspond to the general formula 

rsH . 

Most of the benzoates are soluble in water. Benzoic acid is precipi- 
tated from their solutions by the soluble mineral and organic acids. 
Benzoate of calcium submitted to dry distillation yields benzophenone 
(C 18 H l0 O), benzine (C 8 H 8 ), diphenyl (C 1 *!! 10 ), and a hydrocarbide isomeric 
with naphthalin (C 10 IT 8 ). 

Benzoic acid readily ctherifics the alcohols under the action of a 
current of hydrochloric acid gas. 


Appendix to Benzoic Acid . 

Hippuric Acid. — Ilippuric acid is found combined with soda or 
ammonia in the urine of the herbivora; it is also found in human urine, 
but in much smaller proportion. The quantity is said to be increased 
in some diseases, such as diabetes and Saint Vitus’ dance ; it is also 
increased by the ingestion of certain substances such as benzoic acid, 
benzoic ether, bonzoic aldehyd and cinnamic acid. It cannot be doubted 
in this case that the hippuric acid is owing to the benzoic acid taken 
into the system, for if one of its homologues be eaten instead of it, 
toluic acid for instance, the urine contains a homologue of hippuric 
acid. 

When horses have been worked hard, their urino contains benzoic 
instead of hippuric acid. 

Preparation. — 1st. Ilippuric acid may be obtained by the reaction 
of chloride of benzoyl on argentic or zinc glycocol (Dessaignes) : 

(C*H 4 AgN0 8 ) + ((TffOCl) = (AgCl) + (CTPNO 8 ) 

Argentine glycocol Chloride of benzoyl. Chloride of Hippuric acid. 

silver. 

2nd. But it is generally procured from the urino of the cow. 
According to Gregory, the best method of effecting this consists in 
adding milk of lime to the fresh urino, boiling for a few minutes, 
filtering, and evaporating to one-tenth of the original quantity. The 
liquid thus concentrated is supersaturated with hydrochloric acid ; on 
oooling, it furnishes abundant crystals of impure hippuric acid, which 
must be purified by being transformed into a salt of calcium. 
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Properties. — Hippuric acid crystallizes in large brilliant crystals 
belonging to the rhombic system, of a density of 1 * 308. It has a bitter 
taste and requires 600 parts of water at 0° for its solution, but it is 
soluble in a much smaller proportion of boiling water. Its aqueous 
solution Teddena litmus slightly. Acohol readily dissolves it, but in 
ether it is nearly insoluble, as it also is in water acidulated with 
hydrochloric acid. 

It melts at a gentle heat, boils at 240° with decomposition, forming 
benzoic acid, cyanide of phenyl, charcoal, and a product which has a 
strong smell of hydrocyanic acid. 

Treated with boiling dilute mineral acids, hippuric acid fixes water 
and is converted into glycocol and benzoic acid : 


pa 

\ 


/i-otpo") 0 7| 


• N 

+ !}° - 

[ b}0^ 

> N 

\ ■ H 

Hippuric add. 

t 

Water. 

\ H 

Glycocol. 

i 


+ rsfo) 

Benzoic odd. 


Boiling alkaline solutions give rise to the same division, the benzoic 
acid then remaining in the state of a benzoate. 

Nitrous acid converts hippuric into benzoglycolio acid, water and 
free nitrogen : 



Hippuric add. Nitrous add. Nitrogen. Water. 



Benzoglycolic acid. 


Boiled with oxidizing agents, such as peroxide of lead (PbO 2 ), 
hippuric acid gives water, carbonic anhydride and benzamide (Fehling) : 

2(C 9 EPN0 8 ) + 30 a = 2(H 8 0) + 4(CO a ) + 2(C 7 H 7 NO) 

Hippuric add. Oxygen. Water. Carbonic Benzamide. 

anhydride. 

An aqueous solution of sodic phosphate dissolves hippuric acid so 
largely that the solution loses its alkaline reaction and becomes acid. 
This explains the acidity of the fresh urine of man and animals. 

Hippuric acid exchanges an atom of hydrogen for monatomic metals, 
forming salts the general formula of which is (C 9 H 8 M'N O*), and which, 
when distilled with an excess of lime, give benzine and ammonia. 

2 p 
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CoxsTiTUTioy op Hippuric Acid. — Hippuric acid is a secondary amide 

derived from a molecule of ammonia, one atom of the hydrogen of which 

( CTEPOl \ 
jj>OJ and 

the other by benzoyl (CH'O ) : all its reactions are well explained by 
this hypothesis. 

It is the same with its synthetical production by means of the 
chloride of benzoyl and the argentic salt of glycocol. But, as the 
atom of hydrogen which in this salt is replaced by silver ia not the 
same as that which, in hippuric acid, is replaced by benzoyl, it must 
be supposed that the reaction is accomplished in two Btages. In the 
first, the chloride of benzoyl in reacting on argentic glycocol would 
produce hippurate of silver and hydrochloric acid, and in the second 
this hydrochloric acid acting on the hippurate of silver would form 
hippuric acid and chloride of silver : 



Argentic glycocol. Chloride of benzoyl. Hydrochloric 

acid. 



Hippurate of silver. Hydrochloric Hippuric acid. 

, acid. 



Chloride of silver. 


BIATOMIC ACIDS. 

These acids are derived from biatomic alcohols by the substitution of 
O for H a , when they contain three atoms of oxygen and are only mono- 
basic; or by the substitution of O a for H 4 , when they are bibasio and 
contain four atoms of oxygen. 

Aa to each series of hydrocarbides there corresponds a series of 
monatomic alcohols and a series of monatomic acids, so also to each of 
these same series of hydrocarbides there corresponds a series of 
glycols, a series of biatomio and mohobasio acids, and a series of 
biatomic and bibasio acids. 
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Hydrocarbides. 

C a H 2a + 2 , C a H 2a , c n H 2 "~ 8 , C a H 2a “ 4 , C B E P a -®, C^H 3 ”- 8 . 

Glycols. 

0*BP4*0>, OT3W, C B H 2a - s 0 2 , c a H 2B - 4 0 2 , 0 a H 2B -«0 2 , C B H 2B -®0 2 

BiATOMIC AND MONOBASIC ACIDS. 

C a H 2a 0 8 , . C a H 2B - 2 0\ c a H 2a — 4 0 8 , o a H 2a “ 6 0 8 , 0 B H 2a - 8 0 > , C B H 2a - l0 O*. 

BiATOMIC AND BlBASIC ACIDS. 

C a H 2a - 2 0 4 , 0 B H 2B - 4 0 4 , C B H 3a - 8 0 4 , 0 a H 2a “ R 0 4 f C a H 3B - 10 O 4 , C B H 2B “ 12 0 4 . 


BIATOMIC AND MONOBASIC ACIDS. 

The only well-studied acids of this class are those which correspond 
to the general fonnulre C’TP'O 3 and OH 2 "” 8 © 8 , that is to say, those 
belonging to the series of fatty acids and to the aromatic series. A 
few others are known, but they have been very imperfectly studied. 

Preparation. — First Process . — These acids are prepared by submit- 
ting to the action of nitrous acid certain amides, such as glycocol and 
analogous bodies, obtained either by the action of ammonia on the 
monobrominated derivatives of monatomic acids, or by the reduction 
of nitrogenized monatomic acids ; water and nitrogen are produced at 
the same time : 



]■) 

+ 

( N SH 

\ H 




Glycocol. 



Nitrous acid. 

/C s IFO"W 

\ , 

N1 

» HI ( 

■ ( iW° , 

) + 

nf 

+ Hf ( 


Glycolic acid. Nitrogen. Water. 


Second Process . — These acids are also obtained by causing moistened 
oxide of silver to act on the monocklorinated or monobrominated de- 
rivatives of the monatomic acids of the same series : 

2(C 4 H 7 Br0 2 ) + (Ag 9 0) + (H*0) = 2 (AgBr) + 2(0 4 H 8 0 8 ) 

Bromobutyric add. Oxide of Water. Bromide of Oxybntyric acid. . 

silver. Bilver. 

The oxide of silver may be replaced by caustic potash in this re* 
action. 

This process does not succeed in the aromatic series, because the 
chlorinated or brominated acids known in this series contain their 
chlorine or bromine in the principal chain (see Phenols). 


2 r 2 
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Third Process .— The corresponding glycols are oxidized by means of 
piafinnm Mnut, care being taken that the oxidation proceeds slowly : 

cth + 8} - i}o + rsw 

Propylglyool Oxygen. Water. Lectio add. 

But when the glycols have a molecule that is at all complicated, 
this cannot resist the oxidation ; an atom of carbon and two atoms of 
hydrogen are separated in the state of water and carbonic anhydride, 
and instead of the acid corresponding to the glycol employed, that 
which corresponds to the glycol of the lower series is obtained. 

Thus the oxidation of amylglycol, instead of giving oxyvaleric acid, 
gives oxybutyric. 

Fourth Process . — The monocblorhydrin of a glycol, when heated with 
an alcoholic solution of cyanide of potassium, gives chloride of potas- 
sium and a cyanhydrin. If this cyanhydrin be boiled with an alcoholic 
solution of potash, a disengagement of ammonia takes place, and there 
remains in solution the potassic salt of an acid which corresponds to 
the glycol one degree higher than the one employed. Thus, from the 
chlorhydrin of the glycol (C^tTO 2 ), lactic acid (CPIFO 3 ) is obtained, 
which corresponds to propylglycol (CTPO 2 ) : 


1st (c*H<"j°J5) + (cn) 

= f C*H 4 " 

(°H\ 

ICNj 

+ S} 

Chlorhydrin of glycuL Potassic 

cyanide. 

Cyanhydrin of glycol. 

Potassic 

chloride. 

^(^'{cn) + (i}°) + 

II 

(cm 4 " |cq 0K ) 

Cyanhydrin of glycol. Potash. 

Water. 

Lactate of potassium. 

+ (11 

nY 



Ammonia. 




Fifth Process . — When the bichlorides of the radicles of these acids 
are acted on by water, they are transformed into corresponding mono- 
chlorinated monatomic acids, hydrochloric acid being disengaged. 
Therefore, as the bodies in question can be prepared from these mono- 
chlorinated acids, it is evident that to accomplish the synthesis of the 
chlorides of their radicles is to accomplish their own. Lippemann has 
effected this synthesis by directly fixing the oxychloride of carbon on 
certain non-saturated hydrocarbides : 

(CTF») + (CO"CP) = 

Amylene. Oxychloride of Chloride of 

carbon. leucyL 

This reaction is entirely different from that which furnishes the 
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monatomic acids by means of the oxychloride of carbon. This latter 
is a double decomposition, while that- just given is merely a direct 
addition. 

Sixth Process . — When a mixture of an aldehyd, water, and hydro- 
cyanic aoid is left alone for some time, there is formed the ammoniacal 
salt of a biatomic and monobasic acid of a series higher by one degree 
than that of which the aldehyd forms part. The addition of hydro- 
chloric acid greatly assists the reaction, and is even sometimes indis- 
pensable. 

Acetones may be substituted for aldehyds in this process : 

(CTTO) + ( C g[) + 2(g}o) = ( C Ngjo*) 

Benzole Hydrocyanic Water. Formobenzoylate 

aldehyd. acid. of ammonium. 

(CH'O) + (™() + 2(®}0) = (° " H'jo-j 

Ordinary Hydrocyanic Water. Tractate of ammonium, 

aldehyd. acid. 

Seventh Process . — In the aromatic series, monobasic biatomic acids 
are obtained by transmitting a current of dry carbonic anhydride 
through a slightly-heated phenol, holding sodium in solution. In this 
case there is formed the sodic salt of an acid which differs from the 
phenol omployed by the addition of CO 2 : 


TO + £} - §} ♦ H°|) 

Phenol. Sodium. Hydrogen. Sodium-phenol. 



Sodium-phenol. Carbonic Salicylate of 

anhydride. sodium. 


Eighth Process . — By causing the zinco-alcoholic compounds (zinc- 
ethyl and zinc-methyl) to react with the oxalate of ethyl, Franklahd 
has succeeded in replacing an atom of oxygen in the radicle oxatyl, 
either by two atoms of ethyl or of methyl, or by one of each. He has 
thus obtained the zinco-ethylic derivatives of acids of the series 
C"H fc O a . These compounds, when submitted to the action of water, 
give hydrate of zino and the ethers of these acids, from which they 
may be extracted by saponification : 
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Dietbyltc oxalate. Zinc-ethyl. Ethylate of due. 


cl 

oenp \ 

(C , H S )' \ 

C ‘ 

0" 

°"' Izn” 

lO" . .( 

c j 

0" 

0 

(C 4 H J )‘ 


loo 2 IP / 

Zinco-leucic ether. 


2 (S}°) 

Water. 


/ 

OC*H B \ 

C 

(C 2 H 5 ) a 

c' 

0 " 


0 " . .1 


> Zn" 

1 

iO" . .1 

c] 

0 " 

0 

\ 

rc'H 5 ) 1 / 

lOC'H 4 / 

Zinco-leucic ether. 

= 1 

fS} 0 ’) + 


+ 



OC*H 5 \ 
(C’H*)*! 
0 

OH / 


Hydra te Lencate of ethyl 

of zinc. (dlutlioxalate of ethyl). 


In these processes the zinco-alcoholic compounds may bo replaced 
by a mixture of zinc and a hydriodic ether. 

Are the acids obtained by these different processes identical or iso- 
meric? The question is not yet positively decided, but it is probable 
that the acids prepared by Frankland’s method differ from those 
obtained by the other methods. 

As to these latter, cases of isomerism appear also to have been 
observed among them. Under the name of lactic acid, two acids are 
known, each of which answers to the formula (C^IFO 8 ) : one exists ready 
formed in the flesh of animals, and is therefore called sarko-lactic acid ; 
the other is produced by a particular fermentation of sugar of milk. 

Wislicenus has recently discovered that the afcid obtained by the 
action of potash on the cyanhydrin of glycol is identical with sarko- 
lactic acid, while that obtained by means of the aldehyd is identical 
with the lactio acid of fermentation. 

This isomerism may be accounted for by supposing that sarko-lactic 
acid answers to the formula : 
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1 

[OH, 


/ 

[H \ 

c< 

l H 


0 

H 

1 

(h 1 


1 

[h 

1 

0- 
l 1 

H 

[H 

, and ordinary lactic acid to the formula : 

1 1 1 

OH 

[H 

\A \ 

10" 
10H / 


H 

10" / 
[OH' 


It is therefore not a matter of indifference which mode of preparation 
is used; but at present it is not exactly known which acids the 
several methods furnish. This subject is worthy of further inves- 
tigation. .. 

Properties. — 1st. Though biatomic, the acids of this group are only 
monobasic. Only one of thoir two atoms of typical hydrogen has well- 
defined basical properties; the second is alcoholic hydrogen in the 
fatty series, and phenic (see Phenols) or alcoholic in the aromatic 
series. These acids may therefore be regarded in the first of these series 
as half acids, half alcohols. In the second, •they should be considered 
sometimes as half acids, half phenols, and sometimes as half acids, half 
alcohols. Thus creosotio acid (CPIFO?) contains an acid hydrogen 
and a phenic hydrogen, while its isomer, formobenzoilic acid, contains 
an acid hydrogen and an alcoholic hydrogen. However, although their 
typical hydrogen cannot be replaced by positive metals under the in- 
fluence of powerful bases, such as the hydrate of potassium or sodium, 
it seems possible to substitute certain negative elements such as tin 
and copper. 

2nd. When acted upon by the pcrckloride of phosphorus, these acids 
and their salts produce a bichloride of their radicle : 


- 4(rci*o) 

Oxychloride 
ol' phosphorus. 


(C“H 4 0")'1 

Ca"V0 4 

H 2 J 

Lactate of calcium. 


+ 2 (ci}) 

Hydrochloric 

acid. 


+ 4 (pci 1 ) 

Perchloride of 
phosphorus 



Chloride 
of calcium. 



Chloride of lactyl. 


This reaction is not however invariable. I have shown that, 
under the influence of the perchloride of phosphorus, thymotic acid 
only loses the elements of water, giving rise to a very stable anhy- 
dride : 


(c«h m o , )*+ (?cp) = (pci 3 o) + ■ (ei }) (c ,,HM0 ‘) 

Thymotic acid. Perchloride Oxychloride of Hydrochloric Thymotide. 

of phosphorus. phosphorus, odd. 

Oerliardt had also previously observed that hydrochloric acid and 
an anhydride of salicylic acid aro produced when this latter acid is 
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submitted to the action, not of the perohloride, but of the oxychloride; 
of phosphorus : 

3 ( 0 ^ 0 *) + (pC1*o) = (PH*0‘) + + 3(c , H 4 0*) 

Salicylic add. Oxychloride Phosphoric Hydrochloric Salicylide. 

of phosphorus. add. add. 

It has been seen that the ethers of biatomio and monobasic acids 
prepared by Frankland’s process lose IPO under the influence of ter- 
chloride of phosphorus, and are converted into the ethers of adds of 
another series : 

3(C 6 H 11 (C*n 8 )O s ) + (PCI 8 ) = (PH’O 8 ) + 3(HCH) 

Leucate of ethyl. Terchloride Phosphorons Hydrochloric 

of phosphorus. add. add. 

+ (C 6 H , (C , H s )0*) 

E thy lie ethyl-crotonate. 

: 3rd. These chlorides, on contact with water, are transformed into 
hydrochloric acid and a monatomic chlorinated acid of the same 
series : 

( CT S|) + If 0 - §} + (0®CK») 

Chloride of lactyl. Water. Hydrochloric Chloro-propionic 

acid. add. 

The monochlorinated acid thus obtained may undergo inverse sub- 
stitution under the influence of nascent hydrogen. We then pass from 
one acid with three atoms of oxygen to another which only contains 
two atoms of this metalloid. 

The reaction just mentioned may be easily explained : the chlorides 
of alcohol radicles resist the action of water ; those of acid radicles are 
entirely decomposed by this liquid. The biatomic and monobasic acids 
participate both in the properties of alcohols and of acids ; their chlor 
rides therefore should bo partially decomposed by water. 

4th. When treated with alcohol, these chlorides yield hydrochloric 
acid, and the residue of alcohol (C*H 8 0), equivalent to HO, and conse- 
quently to Cl, is substituted for an atom of chlorine: 

(cw$) + (°» - (owjgro.) + =} 

Chloride of lactyl. Alcohol. Chloro-lactic ether. Hydrochloric 

add. 

The body thus produced, according to whether we regard its rela- 
tions with the acid whence it is derived or with the monatomic add 
of the same series as itself, may either be called laotio ethyl-chlorhy- 
drin, or chloro-propionic ether. In reality, it is derived from the 
lactate of ethyl by the substitution of Cl for OH, or from the pro- 
pionate of ethyl by the substitution of Cl for H: 
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Lactate of ethyl. 
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Cl 


Lactic ethyl-chlorbydrin, or chloro-propionate of ethyl. 


c 


c 


ar c i _ t ) (i) (pc i i -L i ~i~) 


H ~ Q Cl— DC I - f- 1- D IP ® ® 

rang a— A— n Jo° 0 nr 

ci_). i-.n ® ® u 


Froplonate of ethyl. 


6th. Under the influence of potash, these ethyl-chlorhydrins are 
transformed into a potassic salt of the original acid with chloride of 
potassium and alcohol : 

( ow {oon>) + 2 (i}°) - (cH-o-P) + &} 

Cliloraoetic ether. Potash. Potassic lactate. Chloride 

of potassium. 

+ (°h|o) 

AloohoL 


6th. If the ethylate of sodium be made to react on these ethyl-chlor- 
hydrins, the residue (O s H ft O ) is substituted for the chlorine, and a 
diethylio ether of the original acid is obtained : 

(^{Sw) + (ST} 0 ) + a} + (^{ooS) 

Chloracetic acid. Ethylate of sodium. Chloride Diethylic lactate. 

^ ' of sodium. 

7th. The diethylio ethers of these adds, acted upon by potash, give 
alcohol and the alkaline salt of an acid ether, which an excess of 
alkali does not saponify, and whioh may he easily separated from its 
salt: 
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M885) + I}o - MSD + Cf}o) 

Dietbyllc lacta'e. Potash. Ethyl-lactate of potassium. Alcohol. 

It will be readily supposed that the seoond molecule of ethyl cannot 
be eliminated by means of potash, as the acids in question are not 
capable of forming dipotassic salts. 

8th. On causing the acids of this class to act directly on alcohol, or 
by distilling one of their salts with an alkaline sulphovinate, a neutral 
monethylic ether is obtained which is isomeric with the acid mon- 
ethylic ether the mode of formation of which has just been described : 

K18H + (cB-°"jO|) » (S0»{°£) 

Potassic ethyl-sulphate. Potassic lactate. Neutral sulphate 

of potassium. 

+ 

Monethylic lactate. 

It must be supposed that in these ethers which possess acid pro- 
perties, ethyl is substituted for the alcoholic hydrogen, while in these 
that are neutral, the ethyl is substituted for the positive hydrogen. 
This is shown by the last equation, in which the ethyl is seen to be 
substituted for potassium. 

9th. Neutral monethylic ethers, submitted to the action of metallic 
potassium, disengage hydrogen and give rise to potassic derivatives, 
isomeric with the potassic salts of acid ethers : 

2(cw{OH h> ) + £} = !} + 

Monethylic lactate. Potassium. Hydrogen. Potassic monethylic 

lactate. 

The potassic monethylic lactate is isomeric with the ethyl-lactate of 
potassium ^C 3 H 4 0 "|q£^ 

The potassio derivatives of neutral monethylic ethers, treated by 
iodide of ethyl, give potassio iodide and diethylio ethers. An analo- 
gous result is obtained by submitting the argentic salts of acid ethers 
to the action of iodide of ethyl : 


How) 

+ 

(°T!) 

1! 

+ 

(cwjoggT) 

Monethylic lactate of 


Iodide of etbyL 

Iodide of 


Pie thy lie lactate. 

potassium. 



potassium. 


c®o”{8sy) 

+ 

(°T}) 

'tow' 

< 

II 

+ 

(°™’{88S) 

Ethyl-lactate of silver. 


Iodide of ethyl. 

Iodide 
of silver. 


Diethylio lactate. 


10th. Submitted to the action of an alcoholic solution of ammonia, 
the diethylio ethers give alcohol and the ethers of acid amidmi : 
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(<*■>•{885) + - (°T|°) 

DIetbylio lactate. Ammonia. Alcohol. 



Lactamidc of ethyl (loctametbane). 


These new bodies, under the influence of alkalies, are transformed 
into ammonia and salts of acid monethylic ethers : 

((ew{°^j N ) + (SI 0 ) - M8D 

Lactamethane. Potash. I'thyl-loctatc of potassium. 

+ (NH 3 ) 

Ammonia. 

11th. On causing the butyrate of potassium to act on the chlorinated 
acids obtained by the action of water on the bichlorides of the radicles 
of biatomic monobasic acids, bodies are obtained which are derived 
from these acids by tho substitution of butyryl for hydrogen. These 
bodies are instable ; but if the ethyl-chlorhydrins of these acids be 
substituted for their chlorhydrins, stable butyro-ethylic ethers are 
formed, which alkalies split up into alcohol, butyrate, and the alkaline 
salt of the biatomic acid which enters into their composition : 

MW + r? 1°) = (WH-O-Ioow 0 ) + Cl | 

Lactic ethyl- chlorhydrin. Potassic butyrate. Laetobuty rate of ethyl. Chloride of 

potassium. 


12th. When submitted to the influence of heat, biatomic monobasic 
acids lose a molecule of water and furnish an anhydride : 

(ciro"!^) = (ipo) + (c s n 4 0 " 0 ) 

Lactic acid. Water. Lactide (lactic 

anhydride). 

When the heat is applied carefully, the elimination of water takes 
place at the cost of two molecules of acid, and a condensed acid is 
obtained : 

i (Ciwjgg) 

Lactic acid. 

13th. The anhydrides, treated with ammoniacal gas, furnish amides, 


/c s H‘0''jx?\ 

\cwjg H j 

Ditaetic add (formerly 
railed anhydrous lactic add). 
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whioh potash decomposes with disengagement of ammonia and pro- 
duction of a potassio salt : 


(CHKV'O) + (NH*) 

Lactic anhydride. Ammonia. 



Lactamlde. 



(CW'J®) + (NH*) 

Potassic lactate. Ammonia. 


All the attempts hitherto made to obtain amides derived from two 
molecules of ammonia have failed, though the biatomicity of these 
acids renders the existence of such bodies very probable. 

14th. Ethylamine also reacts on these anhydrides. The amides 
which are formed are isomeric with the amidated ethers produced by 
means of diethylio ethers and ammonia. While these latter give an 
acid ether and ammonia, under the influence of alkalies, the former in 
this case disengage ethylamine, and the acid is reformed : 



Lactamethane. Potash, Potassic ethyl-lactate. 


+ (NH 8 ) 

[Ammonia. 

+ (i}0) - (ewjgg) 

Potash. Potassic lactate. 

/cm*) \ 

+ ( sW 

E thylamine . 


/(c 8 h 4 o"| oh Y| 

\ 

1 \ i • / 

1 OJ, 

r) 


Lactethylamide. 


It has been seen that, when ammonia acts on monochlorinated or 
monobrominated monatomic acids, an amide is obtained of the biatomic 
monobasic acid of the same series. This amide is acid, and isomeric 
with that produced in the action of ammonia on the anhydrides of 
these latter acids, this being neutral. 

In order to understand the isomerism of these two amides, it should 
be considered that the monamides of the acids in question represent 
a molecule of ammonia in which H is replaced by a monatomic 
residue, derived from these acids by the elimination of OH ; hence, if 
the group OH eliminated contain the alcoholic hydrogen, that which 
enters into the molecule of ammonia as an integral part of the residue 
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contains positive hydrogen, and an acid amide is produced. In the 
contrary case the amide contains the alcoholic hydrogen, and is 
neutral. On placing the signs + and — against the two atoms of 
hydrogen to indicate which is positive and which is negative, formulas 
may be obtained which give a clear idea of this isomerism : 

(cwjgg;) - oh- = (cw{ 0H+ )' 

Glycolic add. Monatomic residue. 


This monatomic residue, substituted for H in ammonia, gives the 

( G*H a O"i * Y) 

\OH+/ V N, which contains a positive hydrogen, and 
EPj 

therefore acts as acid. This amide is glycocol. 

On the contrary, if the group OH+ be subtracted from glycolic acid 

there remains the residue ^CTPO" j q ? which when substituted for 


hydrogen of ammonia, furnishes an amide which no longer contains 
positive hydrogen, and which therefore is neutral. 

15th. When the acids of this group are acted upon by hydrochloric 
or by hydrobromic acid, water is formed ; the group HO which contains 
the alcoholic hydrogen is eliminated, and chlorine or bromine is intro- 
duced into the molecule ; in -this case there is formed a chlorinated or 
brominated derivative of the monatomic acid of the same series : 


(HS) + (5}) - (=» + (° ,h ‘ ck «« > ) 

Lactic odd. Hydrochloric Water. Chloro-propionic acid, 

add. 


16th. Hydriodic acid does not produce an iodized derivative, but it 
reduces the biatomic acid to a lower degroe of oxidation, thus transform- 
ing it into a monatomic acid. According to Kekul6, a similar reaction 
at first takes place as with hydrochloric or hydrobromic acid, but the 
hydriodic acid afterwards reacts on the iodized acid produced, iodine 
is set free, and there remains a monatomic acid which is not iodized : 


(<®0"{oD 

Lactic add. 


(c*h 4 io,oh) 

lodo-propionic add. 

K6kul£ baa shown. 


First Stage. 

+ f J = (C*H 4 IO,OH) + (H'O) 

Hydriodic lodo-propionic add. Water, 

add. 

Second Stage. 

+ ?} - J}.+ (C*H* 0 , 0 H) 

Hydriodic Iodine. Propionic add. 

add. 

as will be remembered, that all iodized deriva- 



590 


PRINCIPLES OP CHEMISTRY. 


tives under the influence of hydriodio acid undergo a double de- 
composition analogous to the preceding. 

The biato mi c and monobasic aromatic acids which contain a phenic 
hydrogen are not reduced by hydriodio aoid ; those which contain an 
alcoholic hydrogen are reduced as in the fatty senes. 

Condensed A dds derived from Biatomic and Monobasic Acids. — 
As biatomic alcohols can form condensed compounds, the composition 
of which represents n molecules of alcohol united into one with elimi- 
nation of »— 1 molecules of water, so the polyatomic acids can give 
rise to more condensed acids in which the polyatomic radicle of the 
acid is accumulated, the different radicles being united together by 
oxygen. 

A monethylic ether of the first condensed acid is obtained by treat- 
ing the potassic salt of the ordinary acid by othyl-chlorhydrin of the 
same body : 



Lactic ethyl-chlorhydrin. 



Ijactato of potassium. 


CH'0"jg? \\ 
,CWjOCH*J/ 

Monethylic dtlactatc. 



Chloride of 
potassium. 


It is very probable that if, in this operation, the potassic salt of 
ethylio other were substituted for that of the ordinary acid, the diethylic 
ether of the first condensed acid would be obtained. 

A calcic salt of a condensod acid of the first degree, may be produced 
by submitting the calcic salt of the ordinary acid to the action of heat : 



Lactate of calcium. 


/ C a H 4 0"i 

|0-» \ 
1 

n j o + 

0" 

y C*H 4 0". 

1 

[OCa-o / 


Water. Calcic dilactate. 


Tho condensed acid whence these different products are derived has 
not as yet been obtained in a free state,; but M. Pelouze states that by 
the gentle action of beat on lactic acid a body is produced which he 

( C 8 H , 0" \ OH\ 

OTTO" I OH/' Aooordin 8 to ova ideas > 

this is dilactic aoid. 

Bodies are known which contain threo acid radicles in a second 
degree of condensation. They are formed at the same time as the 
condensed products of the first degree, when an ethyl-ohlorhydrin 
acts on a salt of potassium. Thus, in the example given, besides 
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the monethylic dilactate, there is also formed a diethylio trilactate 

ocmn 

0" I 
0 " • 

OCH*/ 

The formation of these bodies by the reaction of a second molecule 
of ethyl-ohlorhydrin on the first product of condensation will be 
readily understood: 


CTBPO" 4 
C*H‘0" I 
C*H 4 0" { 


( CPHK)" 
C*H 4 0" 


OH 
0" 

OC*H* 

Monethylic dilactate. 


)) - <■ 


+ 




Lactic ethyl-clilorhydrin. 


' CTFO” {0C* H ' 
C j H 4 0"{q" 

1 C 3 H 4 0" {OCH* 

Diethylic trilactate. 


Hydrochloric 

ucid. 


The same bodies may also be prepared by causing the anhydride 
of an acid of this group to act on the diethylic ether of the same acid : 



Lactic anhydride. Diethylic lactase. Diethylic trilactate. 


By the action of the ethyl-chlorhydrin of an acid on a potassic salt 
of another acid, mixed condensed acids may be obtained which contain 
the radicles not only of two distinct acids, but also of two acids belong- 
ing to two different groups : 

K^'iSnr) + (°‘ h ‘°"{ 8D - low*!? ] 

XCTPO" {OCTFF)/ 

Lactic ethyl-cliforhydrln. Succinate of potassium. Diethylic l&cto-succinate. 

+ 2 (ci}) 

Chloride of potassium. 


It will be seen that the reactions which give rise to these condensed 
products are the same as those which give rise to the derivatives of 
condensation of the glycols. 

Thus, wtfile the di- and tii-ethylenic alcohols are obtained by the 
reaction of the oxide of ethylene or bromhydrin on glycol, the ethylio 
dilactate and the diethylic trilactate are obtained by the reaction of 
lactio ether on lactide, or of lactate of potassium on the lactio ethyl- 
ohlorhydrin. 
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* 

1st. (cH 4 "{oh) + 2(<FH < o) = 


Oxide of ethylene. 


(cw{ggg) 


2(C 3 H < O a 


) - 


C*H"' {OH 
C*H"' jo" 

cm"' {oh 

Trlethylenlo glycol. 


C*H*0"{o«*H* 

C*H*0" | o” 
C*H 4 0"{oC*H*| 

Dletbyllc trUacUte. 


2»d.((?H-»jOg) + (cra-jg'j) . jg"|}) + g} 


Chlorhydrin. 


Dietbylenic glycoL Hydrochloric 
add. 


(W{°f) + (cw{g, H .) - (^:jo^.}) 


Fotaadc lactate. 


Chloracetlc ether. 


Monethyllc dOactate. 


Chloride of potassium. 


(S£©) - MW 


Diethylenic glycol. 


Cblorhydrin of glycol. 


/OWJgH 
I C*H"' {q„ l 

\C«H"'{oh J 

Triethylenic glycol. 


(c^lLj) + (^ISra-) - 


Monethyllc dllactate. 


Lactic ethyl-chlorhydrin. 


Hydrochloric 

Add. 


C s H 4 0" {OC*H 5 j 

c*h < 0"j°" 

C*H , 0"|oc*h»I 

Diethyllc trilactate. 


Hydrochloric 

add. 


I by oxidizing 


/ctpo" J 0H 1\ 

Wurtz has obtained a diglycolic acid I __ _ „ { O" >1 by oxidizing 

\ cwo }oh)/ 

/ d*H"' {OHU 

the diethylenic glycol I ' , {0" >L Is this acid the homologae 

\ C?H ? OHJ / 

of dilactio acid, the ethylic ethers of which are known ? This point 
is not yet decided. The instability of dilaotio acid, which cannot 
be isolated from its combinations, and the greater stability of the aoid 
prepared by means of the diethylenic glycol, would cause the hpmo- 
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logy of these bodies to be doubted. It is possible that the arid called 
by Wurtz diglycolic is the oxalo-ethylenio acid, and has for formula, 
/ OTPO" { 0H ]\ / C*O a " \ 0H )\ 

Remembering that, in the 

oxidation of triothylenic glycol, it is not possible to introduce more 
than two atoms of oxygen by substitution, though this glycol contains 
three molecules of ethylene in which substitution might bo effected, 
we shall be tempted to agree with the second hypothesis, as it better 
accounts for the difference of properties which exists between dilactic 
acid and the acid hitherto called diglycolic. This question can only 
bo solved by oxidizing dipropylenic glycol, and seeing whether the 
acid obtained gives derivatives which are identical or isomeric with 
those obtained directly by means of lactic acid. 

The first term of the series of acids corresponding to the general formula 
C B H*"0 3 would be carbonic acid CH*0 3 , which would present the same 
relations towards the unknown methylenic glycol as glycolic acid 
presents towards ordinary glycol. 

Carbonic acid does not exist ; only its anhydride is known ; but as 
with alkaline bases this anhydride gives salts containing two atoms of. 
metal, it is evident that carbonic acid, if it existed, would be bibasic 
as well as biatomic, while its homologues are only monobasic. In tho 
general remarks on basicity and atomicity, wo will endeavour to 
explain this anomaly. 

Acids known in this group. — We know : 1st. In the series C w H ft, 0 8 : 

Glycolic acid C 2 H 4 0 3 , corresponding to glycol C 2 H B 0 2 . 

Lactic acid C 8 H®0 3 , corresponding to propylglycol C 8 H 8 O a . 

Oxybutyric acid C*H 8 0 3 , and its isomer dimethoxalic acid, corre- 
sponding, the first to butylglycol C 4 II 10 O f , the second to an unknown 
isomer of this. 

Ethomethoxalic acid C® 0 ^, isomeric with oxyvaleric acid, 
which is derived from amylglycol C 5 H 12 O a ; the glycol which corre- 
sponds to dimethoxalic acid is unknown, it would have the formula 
C 6 H l *O a . 

Leucic acid and its isomer diethoxalic acid C°H 12 0 8 are derived, the 
first from hexylglycol C 8 H l4 O a , and tho second from an unknown 
isomer of this alcohol. 

To lactic acid there corresponds an isomer, sarkolactic acid, and 
perhaps others besides. Oxybutyric acid has also been called, accord- 
ing to the manner in which it has been prepared, butylactic acid and 
acetonic acid. It is not yet decided whether these different names 
apply to one single acid or to isomers. 

2nd. In the series C"H 8n “ 2 0 8 : 

Pyruvic acid C 8 H 4 0 8 , corresponding to a glycol C 8 H®O a *. 

Roccellic acid C la H“0 3 , corresponding to a glycol C 18 !! 2 ^ 2 *. 

Rioinoleio acid G iV H*0*, corresponding to a glycol C 18 H“O a *. 

2 Q 
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3rd. In the series O-H^-'O 8 : 

Guiacio acid CTEPO 8 , corresponding to a glycol C 8 H ,0 O**. 

4th. Jn the series C"H 9,, “ 6 0 8 : 

No acid is as yet known. 

5th. In the series CH* ~ *0® : 

Salicylic acid, oxybenzoic acid, and par-oxybenzoic acid (TH^ 8 , 
which correspond, the first to saligenin CHPO 2 , and the two others 
to two unknown isomers of this body. 

Formobenzoylic acid, croosotic acid, and anisic acid C 8 H 8 0 8 , which 
correspond, the first to an unknown tollyl-glycol, the second to an 
unknown homologue of saligenin, and the third to anisic alcohol 
CTPO 2 . 

An acid C®H ,B 0 3 obtained by the action of potash on the cyan- 
hydrin of anisic alcohol, corresponding to an unknown xylenyl-glycol 
C®H 12 0**. 

Phloretio acid C 10 H 18 O 8 , corresponding to a homologue of saligenin 
C 10 H 14 O 2 *. 

Thymotic acid C u H 14 0 8 , corresponding to thymosaligenin C n IP c 0 2 *. 

Anisic acid is the same as methyl- paroxybenzoic acid : in fact, under 
many circumstances the methyl group is detached from this acid, which 
only contains a single atom of hydroxyl (OH), and which Ladenburg 
has obtained synthetically by substituting CH 8 for H in par-oxybenzoic 
acid. The acid C 9 H 10 O 8 , which has only been obtained by the action 
of alkalies on a cyanhydric ether, should not only be isomeric with the 
true homologue of the oxybenzoic and formo-bcnzoylic acids, but also 
with the homologue of anisic acid itself. 

6th. In the series CH 2 " ” 10 0 3 * : 

Coumaric acid CTPO 3 , corresponding to cinnamyl-glycol C B H 10 O 2 *. 

7th. Jn the series C"H** “ ,2 0 8 , and 

8th. In the series CH 8 "” 14 C : 

No acid is as yet known. 

9th. In the senes CH*" ~ l0 O 8 : 

Benzilio acid C 14 H 12 0 3 , corresponding to the glycol C 14 H 14 0 2 , which, 
as M. Grimaux observes, would be to benzoic aldehyd what pinakono 
is to acetone. This glycol might be hydrobenzoin : 

2 (C 8 H®0) + H 2 = (C 6 H 14 0 2 ) 

Acetone. Hydrogen. Pinakone. 

2 (C 7 H fl O) -f H 2 = (C 14 H l4 0 8 ) 

Benzoic Hydrogen. Bensillc glycol. * 

aldehyd. 
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Study of the most Important of these Acids. 

Lactic Add ^C 8 H 4 0 ''|q^“). — L actic acid may be obtained by 

several processes, and has been found ready formed in tbe flesh of 
animals. However, the acid which impregnates the muscles is not 
identical but simply isomeric with that which is produced by means 
of fermentation, and which is better known. 

Preparation. — 1st. Lactic acid is formed in a particular fermentation 
of the different kinds of sugar, starch and analogous substances, and is 
usually procured by this means. For this purpose water, cano-sugar, 
curdled skim-milk, tartaric acid, and decayed cheese are mixed in the 
proportions mentioned for butyric acid, and the mixture is kept at a 
temperature of 30° or 35°, and stirred several times daily. At the end 
of about ten days it is found as a thick mass of lactate of calcium. Then 
ten kilogrammes of boiling water and fifteen grammes of caustic lime 
are added, and the whole is boiled for half an hour and passed through 
a linen cloth. 

The liquid evaporated almost to dryness, and left alono for four or 
five days, deposits crystalline lactate of calcium. This salt is pressed, 
diluted with a tenth part of its weight of hot water, and again 
pressed, this operation being repeated two or three times. 

When the calcic lactate is sufficiently dry, it is dissolved in twice its 
weight of boiling water, and 210 grammes of sulphuric acid for each 
kilogramme of calcic salt are added to the solution, the acid being 
previously diluted with its weight of water. An abundant precipitate 
of calcic sulphate forms, and is separated by filtering the liquid while 
still warm through a cloth. To this liquid are added 289 grammes of 
carbonate of zinc for each 210 grammes of sulphuric acid employed, and 
it is then boiled for a quarter of an hour, and filtered while boiling ; 
lactate of zinc is deposited in crystals on the cooling of the liquid, 
and is washed in cold water to free it from the small quantity of sul- 
phate with which it is mixed. The boiling of the lactic acid with 
carbonate of zinc should not be prolonged more than a quarter of an 
hour ; if it were, a sub-salt, somewhat soluble, would be formed, and a 
portion of the product theroby lost. 

The pure lactate of zinc, dissolved in seven and a half times its 
weight of boiling water, is treated with a current of hydrosulphuric acid 
until sulphide of zinc is no longer precipitated, even after the solution 
has becomff cold. This is filtered, boiled to free it from the sulphur- 
etted hydrogen it contains, and then evaporated over a water-bath to 
the consistence of syrup. 

When lactic acid is prepared by fermenting sugar, it is necessary to 
arrest the fermentation when the mass has become thick, or the lactic 
would be converted into butyric acid. 

2nd. Lactic acid is formed when a current of nitrous acid is passed 
through an aqueous solution of alanine : 

2 Q 2 



596 


PRINCIPLES OF CHEMISTRY. 


(nrjo)] N ) + qo) . » } 

Alanine. Nitrous add. Nitrogen. 

+ (h}°) + (cw{Sh) 

Water. Lactic add, 

3rd. Lactic acid is also produced when chloropropionic acid is heated 
with moist oxide of silver : 



Chloropropionic add. Oxide of silver. Water. Chloride of 

silver. 


+ 2(C«H‘0"jgg) 

Lactic add. 

4th. Wurtz has succeeded in preparing lactic acid by the oxidation 
of propyl-glycol : 

( joD + 0 } - (5}°) + ( c ' b, °’ , {Sh) 

Propyl-glycol. Oxygen. Water. Lactic acid. 

5th. Wislicenus has obtained lactic acid by heating cyanhydrin of 
glycol with an alcoholic solution of potash. This cyanhydrin was pre- 
pared by the reaction of cyanide of potassium in alcoholic solution on 
chlorhydrin : 

+ (5i°) + (in - (g}») 

Cyanhydrin of ethyl- llydrateof Water. Ammonia, 

glycol. potassium. 



Lactate of potassium. 


This process gives, not the lactic acid of fermentation, but the sarko- 
lactic acid. 

6th. Lippemann has prepared the chloride of lactyl ^C 8 H 4 0 "|qJ^ 

synthetically by causing the oxychloride of carbon to act on ethy- 
lene : 

(cm-) + (oo”jg) - (cw{°{) 

Ethylene. Oxychloride of Chloride of lactyl. 

oarbon. 


Properties. — Lactic acid is a colourless, inodorous, syrupy liquid, 
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the density of which is 1*215 at 20° *5. It has a very acid taste, 
absorbs moisture readily, and is soluble in water and alcohol in all 
proportions; it is less soluble in ether, and remains fluid at —24-°. 
It coagulates albumen, and two drops added to 100 grammes of milk 
will cause its immediate coagulation. 

Lactic acid does not affect the aqueous solutions of lime, baryta, or 
strontia ; it sets acetic acid free, when boiled with the acetates, and 
dissolves the phosphate of calcium from bones. 

The acetates of zinc and magnesium in aqueous solution are decom- 
posed by lactic acid : lactate of zinc or of magnesium is deposited, and 
acetic acid is set free. On the contrary, the lactate of zinc is decom- 
posed by the acetate of potassium with tho formation of potassic lactate 
and acetate of zinc. 

The aqueous solution of lactate of copper becomes blue on tho 
addition of potash : hydrate of calcium precipitates all tho copper con- 
tained in this alkaline solution in the state of hydrate. 

When lactic acid is heated with concentrated sulphuric acid, pure 
oxide of carbon is disengaged, and the mixture becomes brown. 

Heated with a mixture of binoxide of manganese, salt, and sul- 
phuric acid, lactic acid furnishes chloral and aldehyd ; when only a small 
quantity of chlorine is disengaged, it is aldehyd which is chiefly formed. 

Boiling nitric acid transforms lactic into oxalic acid. 

When a mixture of 10 parts of lactic and 14 parts of benzoic acids 
are heated for sovcral hours at 200°, water is disengaged, and a new 
acid — the benzolactic — is formed : 

(c’mrjog) + (ctto.oii) = (Wo"jj52 HS °) + S} 0 

Lactic add. Benzoic acid. Benzolactic acid. Water. 

In order to separate this acid from the excess of benzoic acid, it is 
dissolved with an insufficient quantity of sodic carbonate, which then 
dissolves it alone. Tho liquid is agitated with ether to eliminate the 
froe benzoic acid which the water has dissolved, and then hydrochloric 
acid is added. Tho benzolactic acid is deposited in crystals. 

This acid is the homologuo of the benzoglycolic acid which is pro- 
duced when hippuric acid is acted upon by nitrous vapours. 

When syrupy lactic acid is submitted to a temperature of 140°, very 
dilute lactic acid first distils ; if tho operation bo discontinued when 
all distillation has ceased, the residue crystallizes on cooling. These 
crystals constitute lactide or lactic anhydride (C 3 H 4 0"0) : 

. (o»h 4 0"|q§) = h} 0 + C 0 * 1140 " 0 ) 

Lactic add. Water. Lactide. 

When strongly heated, lactide distils, and is partially decomposed. 
Among the products of its decomposition are found aldehyd, citra- 
conic acid, carbonic anhydride, and oxide of carbon : 
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(OTKTO) = CO + (C*R*0) 

Lactidc. Oxide of Aldebyd. 

carbon. 


4(c*H*0"{^) = (0 e H*0‘) + SCC^K)) 4 - CO* + 3(H*0) 

Lactic add. Gltraconic acid. Aldehyd. Carbonic Water. 

anhydride. 


Tf the action of heat on lactic acid be less prolonged, instead of 
lactide, dilactic acid (C°H 10 O 5 ) will be obtained: 



Lactic acid. Water. Dilactic acid. 


Though biatomic, lactic acid is monobasic. It only exchanges one 
atom of hydrogen for metals. Thus the neutral lactates have the 

formula (Wo"j°**, ). 

All the lactates are insoluble in ether, readily soluble in boiling 
water, but scarcely soluble in cold water or alcohol. The alkaline 
lactates are exceptions to this rule ; they roadily dissolve in cold water. 

The isomerism of the lactic acid of fermentation with sarkolactic 
acid is especially apparent in their salts. Thus the ferrous lactate 
is crystallizable and retains three molecules of water, while ferrous 
sarkolactate is not crystallizable. 

It would be repetition to speak here of the numerous reactions which 
establish the biatomic and monobasic character of lactic acid. Wo 
have already treated this question completely when speaking of 
biatomic and monobasic acids in general, and lactic acid, the best 
known of those, was continually given as an example. 

Sarkolactic acid is obtained, as has been said, by the action of oxy- 


chloride of carbon on ethylene I® j II I, and by the action of potash 


\c | IP I 


on the cyanhydrin of glycol 


(°l 

OHi 

H* 

\°1 

IP 

'CN / 


acid is produced when aldehyd reacts on hydrocyanic acid and water. 
According to these syntheses, the formula of constitution of sarko- 


lactic acid is 



C 


H s 
H” 

and that of true lactic acid is | C-^ OH 

O" 

lOHj 
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We thus have : 


1 0 

OH \ i| 

H* \ w C 

OH v 

H* 1 

f c 

1 

roH v 
* \ 

I A 

m - 1 

in'* I “ 

CN 

1 

II* 

\ \j 

(on/ \°l 

\CO*H/ 

i 

10" 




V 

|0H ’ 


Cyanliydrin Nitrogen. Water. Sarkolactic add. 

of glycol. 


and 



Aldchyd. Hydrocyanic An unknown Water, 

acid. intermediate body. 


/c 

r H 3 \ 

1 

OH 

\o\ 

II 


0" 

\ c 

[oh/ 


Normal lactic acid. 


(NIP) 

Ammonia 


BIATOMIC AMD BIBASIC ACIDS. 

Preparation. — First Process . — Those acids may be obtained by the 
oxidation of the corresponding glycols : 

cro + 2 (oi) * m + «®o) 

Glycol. Oxygen. Oxalic acid. Water. 

But this oxidation has onfy succeeded with ordinary glycol. It 
is true that propyl-glycol appears to have given malonic acid 
/C 8 H*0 2 " 1 \ 

V H 8 r® 1 )> ^ut * n ox ^ation of butyl and amyl-glycol, no acid 

homologous with the preceding has been obtained. Perhaps this might 
be accomplished by operating on larger quantities. The slight sta- 
bility of the complicated molecules, which are entirely separated when 
the attempt is made to oxidize them, has hitherto prevented the 
operation jjeing successful. 

Second Process . — Bicyanides of biatomic alcohol radicles are 
boiled with a concentrated alcoholic solution of potash ; ammonia is 
disengaged, and there remains in solution tho alkaline salt of an acid 
which corresponds to the glycol higher by two terms than that whose 
bicyanhydrin has been employed. 
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Thus the bicyanhydrin of glycol C^BTO* gives snocinio aoid, C 4 H*0 4 , 
corresponding to butyl-glycol, C 4 H 10 O*, which constitutes the second 
higher homologue of ordinary glycol. 

The reaction which gives rise to the formation of these acids by 
means of the hydrocyanic ethers and potash is expressed by the fol- 
lowing equation, or by an analogous one : 

(< ra '© + 2 (h}°) * 2 (h}°) 

Cyanide of Potash. Water, 

propylene. 

/ H ) \ 

+ 2 (hVNI 

\hJ I 

Ammonia 

The cyanides used in these processes should be prepared by heat- 
ing the bromides of the same radicles with a solution of cyanide of 
potassium in dilute alcohol : 



Bromide of Potossic Potossic Cyanide of 

ethylene. cyanide. bromide. ethylene. 


It is not necessary to purify the bicyanhydrins used in the prepa- 
ration of these acids. 

The acids obtained by this process appear so far to be entirely 
identical with those obtained by other methods. 

Third Process . — Several of these acids may be obtained by fixing 
hydrogen on other less hydrogenized acids ; thus itaconic acid and its 
isomers, citraconic and mesaconic acids, can fix H B and be converted 
into pyrotartaric acid. 

It is the same with maleic and fumaric acids, which, by fixing II*, 
give succinic acid : 


(CWBFO*) 

II 

KW 

+ 

(C 4 H fl 0 4 ) 

Fumaric acid. 

Hydrogen. 

Succinic acid. 

(C 5 H e 0‘) 

+ S} - 

(CWEP0 4 ) 

Itaconic acid. 

Hydrogen. 

Pyrotartaric acid. 


Fourth Process . — Acids of this group are also formed by tho action of 
heat on other more complicated acids. Thus, on causing heat to act 
on tartaric acid, pyrotartaric acid is formed : 

2 (WO") = (C s H 8 0‘) + 3 (CO 1 ) + 

Tartaric acid. Pyrotartaric acid. Carbonic Water. 

anhydride. 

Fifth Process . — Many of these acids are obtained by heating different 


■ («i88S) 


Pyro tartrate of 
potassium. 
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substances with a powerful oxidizer. Sometimes these reactions are 
sufficiently clear, but occasionally they are very complicated. 

For instance, if cuminic aldehyd be strongly oxidized, insolinic acid 
is formed : 

(0 10 H , *0) + = h}° + ( C1#HW ° 4 ) 

Cuminic acid. Oxygen. Water. Insolinic add. 

On the contrary, if nitric acid be made to react on fatty substances, 
succinic acid and several of its homologues are obtained. The mole- 
cule of the fatty substance is entirely destroyed, and no simple relation 
is observed between the generating bodies and their derivatives. 

Sixth Process. — Kolbe and Ilugo Muller have each obtained one of 
these acids, malonic acid, by heating aceto-cyanic acid with caustic 
potash: 

(C*IP(0N)O| 0 ) + >(*}(>)- PlA + (<™-(OOOK)Oj 0 ) 

Aceto-cyanic add. Potash. Ammonia. . 1’otassic malonate. 

The aceto-cyanic acid used for this synthesis is prepared by heating 
chloracetic acid with cyanide of silver in a hermetically-sealed tube : 

r-si o) + o . f^o) + ^ 

Chloracetic acid. Cyanide Aceto-cyanic odd. Chloride 

of silver. of silver. 

Properties. — It will be supposed that in this group of acids, as in all 
the others, both saturated and non-saturated bodies are to bo found. 
These present different characters, and we will therefore consider them 
separately. 

Saturated Acids. — 1st These acids, being bibasic, have two atoms 
of typical hydrogen, which may both bo replaced by positive motals. 
They can form two classes of salts : acid salts, resulting from the sub- 
stitution of a metallic radicle for one atom of hydrogen, and neutral 
salts, resulting from the replacement of the two atoms of hydrogen by 
two equivalents of metal. 

2nd. Ethers having two alcohol radicles are obtained by processes 
described elsewhere for the preparation of compound ethers. When 
these ethers are submitted to the action of alkalies, they are completely 
saponified. Two molecules of alcohol are produced, and a neutral salt 
of the add of which the ether contained the elements : 

+ *(S}°) - rrw + *cm°) 

Neutral succinate of Potash. Neutral succinate Alcohol. 

ethyl. of potassium. 

However, if these ethers be saponified by half the quantity of potash 
required for complete saponification, a single atom ot ethyl is elimi- 
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nated in the state of alcohol, and there is then produced a potassio salt 
of an acid ether from whiob this ether itself can be obtained • 


G3SFW + i}o - (T}°) + 

Neutral succinate Potash. Alcohol. Ethyl -succinate of 

of ethyl. potassium. 

These acids therefore form two ethers : one containing two alcohol 
radicles, the other only one : but it must bo remarked that, contrary to 
what is the case with monobasic and biatomic acids, there is only 
produced here a single mono-alcoholic ether, which is always acid. 
This is owing to the fact, that hero the two atoms of typical hydrogen 
have the same properties, while in monobasic and biatomic acids these 
properties are different. 

3rd. When submitted to the action of heat, they are capable of 
losing the elements of water and furnishing anhydrides : 

(C 4 H 6 0 4 ) = (C 4 H 4 0 3 ) + H*0 

Succinic acid. Succinic Water, 

anhydride. 

These anhydrides can again unite with water, and reconstitute the 
acids whence they are derived. 

4th. These acids give either monatomic or biatomic residues, on 
losing the group OH once or twice : 



The first of these radicles may be substituted for hydrogen in 
ammonia, and the compound resulting from this substitution 



N, is acid. 


It is not probable that a neutral isomer of 


this body exists. As the two atoms of typical hydrogen are positive 
in this class of acids, whichever may be the one removed that which 
remains is, of course, still positive. 

The biatomic radicle R" may be substituted for H 8 in the simple 
ammonia type ; thence the bodies which take the name of imides 



but it may also be substituted for H a in the typo N 8 H B . 


It 


then gives a neutral diamide 



Ex. 


/C 4 H 4 0 8 " 
l H* 



Succinic add. 
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(CW'J 0 y 

Monatomic residue of 
sucdnic acid. 


C‘H 4 0*" 

Biatomic radicle of 
succinic acid. 



Succinamic acid. Succinic diamide 

(succinamide). 


5tli. Percliloride of phosphorus transforms tho acids of this group 
into chlorides of their radicles : 


(e^cr jo*) + 2(PC1 . ) = 2(PC1 3 0) + 2 (H J) + (C‘ n ^;j) 

Succinic acid. Perchloride Oxychloride Hydrochloric ' Chloride of 

of phosphorus. of phosphorus. acid. Buccinyl. 

These chlorides may be entirely decomposed by water, and re-form 
their respective acids : 

c®s}) + - *©) + rw 

Ctiloride of Water. Hydrochloric Succinic acid, 

succlnyl. acid. 


6th. Distilled with an excess of base, these acids lose two molecules 
of carbonic anhydride, and thereby each gives rise to the fundamental 
hydrocarbide of the scries two terms lower than that of the acid 
whence it arises. Thus adipic acid (C c H l0 O 4 ), which belongs to the 
hexylic series, givos hydride of butyl (C 4 H 10 ), the fundamental hydro- 
carbide of the butylic series. This series is lower by two terms than 
the hexylic series, of which the term corresponding to hydride of butyl, 
the hydride of hexyl C 6 H W , contains twice CH* more : 

(C 6 H 10 O 4 ) = 2 (CO*) + (C 4 n 10 ) 

Adipic arid. Carbonic Hydride 

anhydride. of butyl. 

It will be observed that on distilling the acids of this group with an 
excess of base, wo descend two terms in the homologous series, whilo 
we only descend one term when monatomic acids are submitted to 
similar treatment. 

7th. Brogiine acts on these acids when heated with them. The mono- 
brominated and bibrominated derivatives may be easily obtained by 
operating in hermetically-sealed tubes. Boiled with oxide of silver and 
water, the brominated products lose all their bromine in tho state of bro- 
mide of silver, the group HO being substituted for each molecule of 
bromine. New acids result, which differ from those whence they arise 
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by one or two atoms of oxygen more, and consequently their atomicity 
is greater: 

2 (C 4 H“Br0 4 ) + (Ag*0) + (H'O) = 2(AgBr) + 2 (C 4 H a OJ) 

Monobromoauccinic Oxide of Water. Bromide of Malic acid, 

acid. silver. silver. 

(C 4 H 4 Br*0 4 ) + Ag*0 + H’O = 2(AgBr) + (C 4 H‘0‘) 

Bibromo-a ncciiiic Ox ldo Water. Bromide of silver. Tartaric acid, 

add. of silver. 

Malic and tartaric acids differ from succinic acid ; the first by one 
and the second by two atoms of oxygen. Their atomicity is greater 
than that of succinic acid. 

8th. Treated with baryta, bibrominated acids can lose a moleculo of 
hydrobromic acid and bo transformed into non-saturated monobro- 
minatcd acids : 

2(C 4 H 4 Br*0 4 ) + (Ba"0) = (Ba"Bri) + H*0 + 2(C 4 ITBr0 4 ) 

Bibromo-succintc Baryta. Bromide of Wuter. Bromo-mulelc ucid. 

acid. barium. 

If the alkali bo in excess, two molecules of hydrobromic acid may 
be separated : 

((mwo 4 ) + 2(g a }o) = 

Bibromo-pyrotartarlc Soda. Bromide, of 

ucid. sodium. 

4- 2 (n[°) + ( cw ) 

Water. Aconic acid. 

iron-saturated Acids. — 1st. While the formulas of the saturated 
acids of this group belong each to a single acid, those of the non- 
saturated acids each belong to several isomers. Thus, the formula 
(C 4 H°0 4 ) only belongs to succinic acid ; but the formula (C 4 II 4 0 4 ) 
belongs 'to two different bodies, maleic and fumaric acids. So also to 
pyrotartaric acid (OTTO 4 ), no isomer of which is known, there corre- 
spond three non-saturated acids all having the formula (C 6 H c 0 4 ): these 
are itaconic, citraconic, and mesaeonic acids. 

2nd. Like the saturated, the non-saturated acids give an anhydride 
by the action of heat, and a bichloride under the influence of pentachlo- 
ride of phosphorus. It is not known whether they can be made to 
produce a carburetted hydrogen by distillation with an excess of base. 

3rd. Submitted to the action of nascent hydrogen, they absorb suffi- 
cient to pass to the state of saturated acids : 

(C*H‘0 4 ) + Jjj = ^G“H*0‘) 

Itaconic add. Hydrogen. Pyrotartaric acid. 

In this case the different non-saturated isomers give the same satu- 
rated product : pyrotartaric acid possesses the same properties, whether 
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it arises from the hydrogenation of itaconic, citraoonic, or of mesaconie 
acid. 

4th. Bromine combines directly with non-saturated acids, giving 
bibrominated derivatives of saturated acids. Thus, fumaric acid is 
transformed into bibromo-succinic acid : 

(C 4 H 4 0 4 ) + Br» = (C 4 H 4 Br*0 4 ) 

Fumaric odd. Bromine. Bibromo-succinic acid. 

It must however be remarked that, while the fixation of hydrogen 
reduces non-saturated isomers into an identical product, the fixation 
of bromine gives rise to the formation of brominated products isomeric 
among themselves, like the acids which gave rise to them. When 
hydrogen is substituted for the bromine of these different isomeric 
brominated compounds, we again return to the single saturated acid. 

5th. These acids unite also with hydrobromic acid, forming mono- 
brominated derivatives of the corresponding saturated bodies. It is 
probable that in this case the isomerism remains : 

(C 4 H 4 0 4 + (HBr) = (C 4 H°Br0 4 ) 

Fumaric Hydrobromic Monobromo- 

acid. acid. succinic acid. 

Kekule, who discovered those facts, gives the following explanation 
of them : 

Succinic acid, which wo will take as example, contains two atoms of 
hydrogen, both of them typical and basic. It maybe considered as con- 
taining four atoms of carbon in juxtaposition, the two external of which 
retain three-fourths, and the two centre ones only half of their capacity 
for saturation. The following figure indicates this constitution : 



Kekul6 supposes that, in the two external atoms of carbon Ca and 
C6, one atomicity is saturated by oxygen 0, the second centre of 
attraction of which is united to hydrogen II. This hydrogen, united to 
the carbon by means of the oxygen, is typical. Moreover, KdkulS 
supposes that the two atomicities which remain in the two external 
atoms of carbon aro saturated by oxygen, the vicinity of which gives 
basic properties to the hydrogen. There remain the two interme- 
diate atoms of carbon, which have each two atomicities saturated by 
hydrogen. If one of these two atoms of carbon were to lose the two 
atoms of hydrogen to which it is united, we should have a non-satu- 
rated acid, which could combine directly with hydrogen or any other 
monatomic body. The form of the molecule will be different, accord- 



606 


PRINCIPLES OP CHEMISTRY. 


ing to whether it be one or the other of the two atoms of carbon 
which has lost its hydrogen, and, consequently, we may have two 
isomerio acids, as the two following figures represent : 



It will bo seen by these figures that it is sometimes at the cost of 
the one, and sometimes at that of the other of the two middle atoms of 
carbon, that the elimination of the hydrogen is effected. 

If hydrogen be added to the non-saturated body, in both casos the 
molecule assumes the singlo form assigned to the saturated acid. On 
the contrary, if bromine be added, it takes the place of the absent 
hydrogen, and consequently occupies different positions, according 
as the gap left by the disappearance of the hydrogen is at the 
one point or the other. There are therefore two isomeric brominated 
acids, as the following figures indicate : 


ce JL o o H tjo 

C.I TZrZTD CD CD f ■ i i_i X.l n 'JJ 

Q CTZDCi— CD <D C!_rZTZD 


and 



According to this hypothesis of K6kul6, therefore, the number of 
isomers possible depends on the number of atoms of carbon interme- 
diate between the two external atoms. To succinic acid, which con- 
tains two, there should correspond two bibrominated derivatives and 
two non-saturated bodies ; to pyrotartario acid, which contains three, 
there should correspond three ; and, in general, to any acid there should 
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correspond a number of these equal to w— 2, n being the number of 
atoms of carbon it contains. 

The theory is verified in the two cases hitherto observed. Two 
non- saturated isomers correspond to succinic aoid and three to pyro- 
tartaric acid. 

This hypothesis is correctly based : the isomerism of the acids in 
question is owing to the place left vacant by the hydrogen ; but wo 
believe that K6kul6 is mistaken in his attempt to determine this place. 
We think the formulae he gives are not those of isomeric but of identical 
acids. All being symmetrical in the formula of succinic acid, and 
each internal atom being equally near (CO*H), it is of little conse- 
quence whether the hydrogen have been eliminated at the cost of one 
or the other. 

But there is another modo of isomerism possible, that which causes 
the isomerism of oxide of ethylene and aldehyd : tho hydrogen may be 
eliminated at the cost of a single atom or of two atoms of carbon. 

Hence the possibility of two acids C 4 H 4 0 4 : 


1st. 


ce 


H 


C 


CEO T) q) q) cl i r 


r.) crrr x rrr_rn . 

o' o c 

0©H 


H, 

0 

-TYT n 


X) 


Oa 


r^OH 


0" 


OH* 

A, 

I o " 


OH 


2nd. 


H 

ce n co e |“o 

EZriTZD ®- ci i "i ~ OrCT) 



cun: 


c< 


= < 


r (.on 

, y 0 -r 

c H 

in 

c°" 

l oh 


and of four acids answering to the formula C 5 H°0 4 : 
1st. 



i h 

io" 

l oh 
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4th. 


C€ C JJL Ca 

. cnrzrm ® qd c ■ ■ • zx> ® ® cnmicrD 



' c 

i 


OH 

O" 

H* 


l 


0: 

Ah* 


o 

OH 


The modification we propose in M. Kekule’s theory, supposes a 
fourth isomer of itaconic, citraconic, and mesaconic acids. 

Condensed Acids. — The biatomic radicles of this group ought, like 
all the others, to have the property of accumulating in the molecules, 
giving products of condensation. These products have, however, been 
little studied. As yet, disuccinic acid, described by Schiflf, is the only 
condensed acid of this group known. According to this chemist, it is 
formed when succinic acid is carefully heated, so as not to produce 
complete dehydration : 

- ©o) + (SSSjjjj}) 

Succinic add. Water. Disuccinic acid. 

Adds of this Group which are actually known. — Saturated 
Acids i 

1st. In the series C^H^^O 4 : 

Oxalic acid C 2 H 2 0 4 , corresponding to the glycol CTBPO 1 . 

Malonic acid OTTO 4 , corresponding to propyl-glycol C?H®0 2 . 
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Succino acid C 4 II 6 0 4 , corresponding to butyl-glycol C 4 TI r 0 2 . 

Pyrotartario acid (FIFO 4 , corresponding to amyl-glycol C fl II 12 0 2 . 

Adipic acid C 8 II l0 O 4 , corresponding to hoxyl-glycol C*H 14 O a . 

Pimelic acid C 7 JEP*0 4 , corresponding to heptyl-glycol C 7 II 10 O 8 *. 

Suberic acid C B H ,4 0\ corresponding to octyl-glycol C"H 18 O a . 

Sebacio acid C l0 H lfi O\ corresponding to docyl-glycol C l0 IP 8 O 8 *. 

2nd. In the series C tt II 2,, “ 8 0 4 : 

Quinonic acid (FIFO 4 , corresponding to the unknown glycol 
CTFO 2 *. 

3rd. In the series C^II^^O 4 : 

Phthalic acid (FIFO 4 , and its isomer tcrcphthalic acid, correspond- 
ing to tollyl-glycol C 8 H 10 O 2 . # 

An imnamod acid (FIFO 4 , obtained by tho oxidation of cumene 
procured from tho pitch from pit-coal, and of cymeno procured from 
camphor, and corresponding to an unknown glycol C°ll 12 0 2 *. 

Insolinic acid C ,0 II l0 O 4 , corresponding to cumyl-glyool C ,0 Il n O 8 *. 

It is probable that those four latter acids are saturated ; nevertheless, 
it has not yet been proved experimentally that they are incapable of 
uniting with chlorine or bromine by simple addition ; their saturation 
is therefore as yet hypothetical. 

Non-Saturated Acids. — Those belong to tho series C’TF'^O 4 , and 
are : 

Maleic and fumaric acids (FIFO 4 , corresponding to a glycol (FIFO**. 

Itaoonic, citraconic, and mesaconic acids, (FIFO 4 , corresponding to 
a glycol C c H 10 O 2 * 

Camphoric acid C l0 II lfi O 4 also appears by its formula to belong to 
this series ; but it is more probable that it belongs to a parallel series, 
tho different terms of which are saturated. In fact, the camphorate 
of ethyl when acted upon by chlorine gives no product of addition, 
and Keboul lias recently demonstrated that the non-saturated bodies 
retain their property of uniting directly with chlorine or bromine in 
tho ethors they form. 

There also exist other acids which contain four atoms of oxygon, 
suoli as orsellic acid (FIFO 4 , parellic acid C°I1 6 0 4 , everninic acid 
C u II 10 O 4 , etc., but these bodies are not sufficiently known for it to be 
certain whethor they belong to this group or to another. 


Study of the most important Acids of this Group. 

Oxalic Acid (C*IF0 4 ). — Oxalic acid, tho first term of the series of 
acids which correspond to the general formula C"H 2 * -2 Q 4 , possesses a 
molecule which is much less stable than that of its homologues, and 
which therefore has peculiar properties. 
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Preparation. — Oxalio acid is formed when an organic substance is 
strongly oxidized. The most simple means of obtaining it consists in 
boiling sugar with very dilute nitric acid, and then crystallizing. 
This acid may also bo extracted from several vegetables of the Bumex 
species, in which it exists in the state of acid salts. It is also extracted 
from the oxalate of potassium, which is produced in considerable 
quantity when impure cellulose (saw-dust) is submitted to the action 
of fused potash. 

Properties. — 1st. Oxalic acid is bibasic, and consequently forms, 
like itshomologues, both acid and neutral salts, acid and neutral ethers, 
and two amides ; it may also form quadr-acid salts resulting from the 
juxtaposition of a molecule of oxalic acid and a molecule of a bin- 

( C*0 2 "1 C 2 0*"1 \ 

Kill®* H*r )■ 

These latter bodies should be considered not as atomic combinations, 
but as molecular unions analogous to the compounds which contain 
water of crystallization. 

2nd. Oxalic anhydride cannot exist. In every reaction leading to 
its production it splits up into oxide of carbon and carbonic anhydride. 
Thus all bodies having great affinity for water transform oxalic acid 
into a mixture of these two gases : 

rSH + CQ o-) . (%;} o- + „.) + (co) + (oo-) 

Oxalic add. Sulphuric acid. Hydrate of sulphuric add. Oxide of Carbonic 

carbon. anhydride. 

3rd. Certain bodies, at the bead of which glycerine may be placed, 
decompose oxalic acid into formic acid and carbonic anhydride by 
catalytic action : 

(C’H’O 4 ) = (CH*0 2 ) + (CO 2 ) 

Oxalic add. Formic acid. Carbonic 

anhydride. 


4th. Chlorine and bromine seize the hydrogen of oxalic acid, and 
carbonic anhydride is foimed : 

cw + S| - KSI) + 

Oxalic add. Chlorine. Hydrochloric Carbonic 

acid. anhydride. 

Oxidizing agents act in the same way ; only in this case water is 
formed instead of hydrochloric acid. 

5th. Oxalio acid, heated with lime, produces carbonate of calcium 
and disengages hydrogen : 

CW + w> - KZM + 1} 

Oxalic add. Lime. Carbonate of calcium. Hydrogen. 
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6th. When the oxalates are calcined, oxide of carbon is disengaged, 
and a residue <>f carbonate is left : 



Gilclc oxalate. Oxide of Girbonate of 

carbon. calcium. 

7th. The tendency of oxalic acid to lose its hydrogen, either in the 
state of water or of hj'drochloric acid, makes it a reducing agent. J t 
precipitates gold from its chlorido, but does not act on chloride of 
platinum. Its reducing power is therefore less than that of formic 
acid, which reduces this chlorido. These properties of oxalic and 
formic acids may be used to separate gold from platinum. 


TRIATOMIC ACIDS. 

Triatomic alcohols may exchange II 2 for O, or II 4 for O®, or H fi for 0 s . 
Thence three groups of acids, all triatomic like the alcohols from which 
they are derived. 

Among these acids, the first, those which result from the substitu- 
tion of O for H 2 , are triatomic and monobasic ; the second, those resulting 
from the substitution of O a for IP, are triatomic and bibasic ; the last, 
which contain threo atoms of oxygen of substitution, are both triatomic 
and tribasic. 


TRIATOMIC AND MONOBASIC ACIDS. 

Theso acids always contain four atoms of oxygen. It is possible that 
certain natural acids, the molecules of which contain O 1 , belong to this 
group, but this is not yet demonstrated. As yet only four acids of this 
class are known with certainty. Theso are : 

Glyceric acid C 8 H 6 0 4 , corresponding to propyl-glycerino CTPO 3 . 

Dioxybutyric acid C 4 IF0 4 , corresponding to butyl-glycerine 
C 4 H ,0 O**. 

Oxysalioylic acid C 7 H°0 4 , corresponding to oxysaligenin C 4 H 8 0 8 *. 

Eugenitic acid C 10 H ,2 O\ obtained by the reaction of sodium and 
carbonic anhydride on eugenic phenol (oil of cloves), and corre- 
sponding to an unknown glycerine C ll H ,4 0^. Theso acids have not as 
yet been much studied ; it is only known that, in their double decom- 
position with bases, they only exchange a single atom of hydrogen for 
positive inetals. 

It is probable that if these acids could be acted on by the perchlorido 
of phosphorus, without being decomposed, they would give the trichlo- 
rides : 

(CWOCl 3 ), (C 4 H 8 0C1 8 ), (C 7 H 3 0C1 3 ), and (C ll IFOCl 3 > 

2 R 2 
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These chlorides, treated with water, would, according to all appear- 
ance, furnish : 

The first, bichloro-propionic acid . . . C 8 H 4 C1 2 0 2 . 

The second, bichloro-butyrio acid . T . C 4 H°C1 2 0*. 

The third, bichloro- benzoic acid . . . CTFCPO 2 . 


The last, an acid C ll H ,0 Cl 2 O 8 . 

(c s n 8 oci s ) + (H 2 o) = (hci) + (C a n 4 ci 2 o 9 ). 

Chloride «f Water. Hydrochloric Bichloro-propionic 

glyceryl (unknown). acid. acid. 


In reality, of the threo atoms of typical hydrogen which form tho 
three groups Oil for which chlorine may bo substituted, only ono is 
basic, the others arc alcoholic. Now, the organic chlorides in which 
chlorine is substituted for the residues Oil of which the hydrogen is 
alcoholic, cannot bo decomposed by water, whilo thoso in which tho 
chlorine is substituted for tho residues OH containing basic hydrogen, 
arc capable, under tho influence of water, of regaining the residue Oil 
in exchange for their chlorine. 

It is also probable that on operating on tlieso trichlorides in the 
same way as on chloride of lactyl, mono, bi, tri, alcoholic ethers would 
be obtained ; and that moreover there might bo procured two isomeric 
bi -alcoholic ethers and two isomeric mono-alcoholic ethers, the first 
neutral, the others acid. 

In a word, glyceric acid ought to be able to givo rise to derivatives 
analogous to those furnished by lactic acid, but more numerous, because 
it possesses three atoms of typical hydrogen whilo lactic acid only con- 
tains two.* 


TBIATOMIC AND BIBASIC ACIDS. 

No acid of this older has as yet been obtained by the direct oxidation 
of tho corresponding alcohols. Rut, two acids are known, of which one 
certainly, and tho other probably, belongs to this group. These are : 

Tartronic acid (0 r, li 4 O B ) , obtained by the spontaneous decomposition 
of nitrotartaric acid ; and malic acid (0 4 II 8 0 fi ), obtained by tho action 
of moist oxide of silver on monobromo-succinic acid, and which also 
exists in many vegetable products. 

As malic acid is tho only acid of this group which has been much 
studied, we will confine our remarks to it. 

* In tho first edition glyoxylic acid, OTHO 4 , wob included among the monobasic 
triutomic acids. Since then, Dr. Debus has demonstrated that the formula of this acid 
is C 2 H 2 0 , and Hint a triatomic acid of the formula C 2 11 4 0 4 is imjiossiblc, because it 
would require that 20H should bo fixed on the same atom of carbon, of which we 
have no established example. According to this new formula, glyoxylic acid would 
be a liulf-aeid, lmlf-aldehyd body. {See Aldebyds.) 
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Malic Add 


/ f 0H \ 

|C 4 H*0*'"<0H I. — ] 

\ m) 


-Preparation.' — 1st. Malic acid may bo 


prepared synthetically by moans of moist oxide of silver and mono- 
bromo-succinic acid : 

2 (ow'|oHj + (£} oj + (= } o) . 2 (ow”{oh) 


Druniosucciutc ucltl. 


Oxide of silvi r. 



Bromide of silver. 


This method of preparation, though very interesting from a theo- 
retical point of view, has no practical utility. 

2nd. Malic acid may also bo obtained by causing nitrous acid to act 
on asparagin (malo-diamide), or on aspartic acid (malic monamidc) : 



Asparagiu. Nitrous ucid. Nitrogen. 


'(n}°) + (cwjojj) 


3rd. Malic acid occurs ready formed in a number of vegetables 
whence it may he extracted. It is usually taken from the berries of 
the service-tree, which yield it veiy plentifully. 

These homes, either ripe or not, are crushed, and the juice extracted, 
clarified by boiling with white of egg, and digested with a slight excess 
of carbonate of lead, which is added gradually till effervescence ceases. 
Different insolublo plumbic salts arc thus formed, and among them 
malate of lead, which is scarcely soluble in the cold, hut is rendered 
more soluble by heat. 

When the liquid becomes cold it is filtered, and the precipitate after 
being washod sevoral times with cold water, is boiled with water and 
filtered while hot. On cooling, brilliant needles of malate of lead 
are deposited and separated by filtration. The liquid which contained 
these needles is again boiled with the residue of the first treatment, 
and ther operation is thus continued until plumbic malate is no lougcr 
deposited. 

The malate of lead thus obtained is pulverized, suspended in water, 
and decomposed by a current of hydrosulj)huric acid. Then it is 
filtered to removo the sulphide of lead precipitated, and the filtered 
liquid is boiled to free it from the excess of sulphuretted hydrogen, 
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and evaporated to the consistence of a thick syrup, which, on standing 
some time, deposits crystallized malic acid. 

This malic acid, however, is not pure ; it contains tartaric and citric 
acids, and tartrate of calcium. In order to purify it, instead of evapo- 
rating its solution to a syrupy consistence, it must be divided into two 
equal parts, one of these exactly saturated with ammonia, and then the 
two again mixed. Bimalate of ammonium is thus formed. This salt 
crystallizes very readily, and may easily be separated from the other 
bodies with which it is mixed by two or three crystallizations from 
water. 

When the ammonic bimalate is pure, it is dissolved in water, and 
its solution precipitated by acetate of lead. Tho precipitate is well 
washed and suspended in water, through which a current of sulphur- 
etted hydrogen is transmitted until the decomposition is complete, 
after which tho liquid is filtered, evaporated to a sj'rupy consistence, 
and left to crystallize. 

The malic acid extracted from the berries of tho service-tree, or 
obtained from asparagin or natural aspartic acid, is levogyrate. That 
formed by the action of oxide of silver on bromo-succinic acid is, on 
the contrary, quite inactive. An inactive malic acid is also obtained 
by treating nitrous acid with inactive aspartic acid : 



inactive asjiurtic add. Nitrous udd. Nitrogen. Water. 



Inactive malic add. 


This inactive aspartic acid is prepared by boiling with hydrychloric 
acid tho fumarimide produced when acid makte of ammonium is ex- 
posed for several hours to a temperature of 160° — 200°: 



Add niulutc of ammonium. Water. 


(c 4 ito*n) 

Fumarimide. 


(C‘H»0*N) + 2^| 0) 

Fumarimide. Wuter. 



Aspartic (malamic) add. 


Properties. — The aqueous solution of active malic acid, when eva- 
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porated to a syrupy consistence, and left in a warm place, deposits 
this acid in the form of small lumps composed of four- or six-sided 
prisms. It melts at 100° (rasteur), but does not lose weight at 120° 5 
it has a very acid taste, and is very soluble in water, and deli- 
quescent. 

Its aqueous solution is levogyrate. When saturated by bases it is 
sometimes levogyrate and sometimes dextrogyrate. Organic or 
mineral acids have a tendency to make it become levogyrate. 

Inactive malic acid crystallizes more readily than that possessing 
rotatory power ; it is less soluble in water, is not deliquescent, and 
does not melt bolow 133°. 

When heated to 176°, malic acid loses a molecule of water, and is 
transformed into two new acids; maleic, and fumaric acids (C 4 H 4 0 4 ) 
(see Non-saturatcdBiatomic and Bibasic Acids). These bodies are not 
anhydrides of malic acid. They are biatowic, whilo the first anhy- 
dride of malic acid could not have an atomicity greater than unity. 
They therefore result from a more completo decomposition, and one of 
the atoms of hydrogen which goes to form the water eliminated must 
have been furnished by the radicle of the malic acid. 

Malic acid loses an atom of oxygen when heated with hydriodic 
acid, and returns to the state of succinic acid ; iodine is set free. The 
cause of this phenomenon is the same as that of the reduction of lactic 
into propionic acid. Probably a malic iodhydnn is first fonned, 
which, on contact with an excess of hydriodic acid, gives iodine and 
succinic acid. 

The solution of malic acid is very acid ; it can never be completely 
saturated by earthy carbonales, unless it be by carbonate of magnesium : 
when impure it becomes mouldy by keeping. 

Tho solution of malic acid does not precipitate either lime or baryta 
water, nor tho solutions of nitrate of silver or nitrate of lead, but it 
precipitates mercurous nitrate. With acetate of lead it gives a pre- 
cipitate which becomes crystalline when left for some time in the 
liquor whence it arises. It reduces the salts of gold. 

Heated to a temperature of 150° with an excess of potash, malic acid 
is transformed into acetate and oxalate, disengaging hydrogen : 

(cm^o 5 ) + 3 (y J 0 ) = (c 2 k*o‘) 

Malic acid. Hydrate of Oxalate of 

potassium. potassium. 

+ (c*n J KO») + 2 (IPO) + ip 

Acetate of Water. Hydrogen, 

potassium. 


Ferments transform it into succinic and even into butyric acid. 
Malic acid contains two atoms of hydrogen which may be replaced 
by metals, and can form a series of acid salts answering to the general 
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formula I C 4 H 3 0 2 "'< OH I, and a series of neutral salts whose general 


lOH / 


/ fOM\ 

formula is ( C 4 lI a O* w, < OM' I ; it is therefore a bibasie acid. But bo- 

\ Ioh/ 


sides these two atoms of basic hydrogen, malic acid also contains a 
third atom of hydrogen, united to the carbon by means of oxygen, and 
is triatomic. There are numerous proofs of its triatomicity. 

Every time a new atom of oxygen of addition is introduced into an 
acid or an alcohol, tho atomicity of these bodies increases by unity. 
Malic acid, derived from biatomic succinic acid by the addition of an 
atom of oxygen, ought therefore to contain an atom of typical hydrogen 
more than the latter ; it should bo triatomic. 

Neutral bialcoholic malic others, and acid monoalcoliolic ethers 
acting as monobasic, are known ; it is probable that acid mono- 
alcoholic bibasie others, acid bialeoholic ethers, and trialcoholic ethers 
might also be prepared. Perhaps trialcoholic ether might bo obtained 
by substituting potassium for hydrogen in the neutral bialcoholic other, 
and by treating this potassic product by an hy dried ic ether. 

Recently the atom of typical hydrogen still contained in tho bial- 
coliolic ethers of malic acid lias been replaced by acetyl. This is done 
by heating these ethers with chloride of acetyl. Hydrochloric acid is 
disengaged during tlic reaction : 


(o 


V 


1 00*11 
P"()(flp 

(on 

Jlictbylic imitate. 


C 4 1F0 




orro 

ci 


I) 




Chlorlclf of ucety]. 


,, , / ochp \ 

!!, I + c'ifoHocftp | 

w 1 \ (OOHFO/ 

Ilydfo- Acefo-dirlhylic nialatc. 

chloric acid. 


Malic acid ought also to form several amides: 1st, a neutral tri- 
amide; 2nd, a neutral and an acid dhunide ; 3rd, an acid monobasic 
monamido and an acid bibasie monamidc. Three of these bodies are 
known, viz., the neutral diamide obtained by causing ammonia to act 
on dicthylic malate, acid diamido or as par agin, which is found in the 
vegetable kingdom, and an acid bibasie monamido, aspartic acid, 
which is derived from asparagin by the action of bases. 

Tho production of these different bodies is very difficult, as tlio 
molecule of malic acid is alroady much too complicated to resist the 
action of pcnlachloride of phosphorus, and the formation of tho 
chlorides is tho most convenient method of preparing the different 
derivatives of the acids. 


TBIATOMIC AND TBIBASIC ACIDS. 

Only a very few acids of this class are known with certainty; 
the most important are : aconitic acid C'TPO", and carballylic acid 
C 6 H 8 0 B . The latter has been obtained by the action of nascent hy- 
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drogen on aoonitio acid. Maxwell Simpson has also prepared it 
by causing alcoholic solution of potash to act on the tricyanide of 
glyceryl (C“II e (CN)*) : 



Cyanide of glyceryl. Potash. Wutcr. 


/ fCO s K\ 

+ ( C s IP"'<CO‘K I 
\ (CO ! K/ 

Potasslc salt of the new acid. 


3(NH») 

Ammonia. 


This acid corresponds to a hexyl ic glycerine C n II 14 0 8 *, from which it 
differs by the substitution of O 3 for H (i . 

Carballylic acid has not been much studied, but it cannot bo 
doubted that it possesses the properties : 

1st. Of forming two series of acid salts and one series of neutral 
salts. 

2nd. Of forming Ihreo series of ethers; tho first monoalcoholic and 
bibasic, tho second bialcoholic and monobasic, the last trialcoholic and 
neutral. 

3rd. Of giving rise to acid bibasic monamides, to acid monobasic di- 
amides, and to neutral triamides. 

It is possible that if, in Maxwell Simpson’s acid, an atom of bromine 
were substituted for an atom of hydrogen, and then moist oxide of 
silver were made to act on this body, citric acid would bo obfainod 
synthetically : 

2(C c H 7 BrO°) + (Ag‘“'0) + (IPO) = 2(C fi lI 8 0 7 ) + 2(AgIV 

Hromo-c.'irlullylic Oxide of Water. Citric acid. Bromide of 

add. silver. sliver. 


Aconitic acid may be extracted from the Aconilum mpellus , in which 
it exists ready formed, but it is more easily prepared by decomposing 
citric acid by heat. For this purpose citric acid is heated in a retort 
until oily streaks appear in the receiver. The operation is then 
arrested, the residue contained in the relort is dissolved in five times 
its weight of absolute alcohol, and the solution is submitted to tho 
action of a current of dry hydrochloric acid gas. When this acid 
ceases to bo absorbed, tho solution is precipitated by water, and an 
oily layer of aconitic ether forms. This other is saponified by an 
alkali, tho alkaline solution is precipitated by acetate of lead, and tho 
aconitate of lead suspended in water is submitted to tho action of a 
current of hydrosulphuric acid. Sulphide of lead and aconitic acid 
are formed ; they are separated by filtration, and the solution of aconitic 
acid is evaporated. 

This acid is very soluble in water, alcohol, and ether. \V hen heated. 
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it becomes brown at 130°, is liquefied at 1*40°, and boils at 160° ; it then 
decomposes into carbonic anhydride and itaconic acid : 

(C 6 H®0 6 ) = (CO 2 ) + (C 8 H 6 0 4 ) 

AconUic Carbonic Itaconic add. 

acid. anhydride. 

Aconitic acid is converted into succinic acid when the aconitate of 
calcium is fermented in contact with cheese. 

It is a triatomic and tribasic acid, and gives two series of acid and 
one of neutral salts. 


TETBATOMIC ACIDS. 


We ought to bo able to obtain these acids by the direct oxidation of 
tetratomic alcohols. In fact, erythrite in concentrated solution gives 
an acid when acted on by platinum black, but this acid, which is 
probably tetratomic, has not as yet been studied. 

In the ordinary tetratomic alcohols which contain 2011 grouped as 
(Cli a OH) or (CHOU), the substitution of O for H* is only possible 
twice. But in tetratomic alcohols containing three or four times 
the group (CH 2 OII), this substitution would be possible three or four 
times. The former alcohols can only therefore give rise to mono- or 
bibasic tetratomic acids ; the latter would form tetratomic mono, bi, tri, 
and totrabasic acids. 

In fact, five tetratomic acids are known : two of them are mono- 
basic, these are gallic acid (C 7 H n O f ’)* and crythrie acid (C 4 H 8 0°) ? ; 
two are bibasic, tartaric acid (C 4 II c O H ) and an acid (0 6 H B 0 C ) still 
unnamed, obtained by Kekuld by treating dibrornupyrotartaiic acid 
by moist oxide of silver. Tho fifth, citric acid (C fl H 8 0 7 ), is tri- 
basic. 

Erythric acid is derived from erythrite (C 4 H lu 0 4 ) by the substitution 
of O for H a . Tartaric acid also appears to be derived from this same 
alcohol by the substitution of O 2 for II 1 . The aloohol corresponding 
to citric acid is still unknown : its rough formula would be (C 6 II 14 0 4 ), 
and its rational formula : 


f CH 2 OH 
C1P01I 
C1POH 
H 
II 

LCH 2 OII 


or 


C 


r CH*OH 

C1POH 

H 


C 


< on : 

H 


c 


II - 

LcH’OII 


it would belong to the hexylic series. 


* (jiriiuaux was the lirst to consider gullie acid as tetratomic und moi/bboaie. 



GALLIC ACID. 


619 


''Gallic Acid ^CTFO^joi ^ aq.^. — This acid exists ready formed in a 

large number of vegetables, and is readily prepared by the trans- 
formation of a substance contained in the gall-nut, known as tannin 
or gallotannic acid. 

The most simple method is to leave powdered gall-nuts moistened 
with water for some weeks at a temperature of 20° or 25° : the mass 
swells and becomes mouldy. In about a month it is pressed, and the 
water, which contains much colouring matter but very little gallic; 
acid, is thrown away ; the residuo is then digested in boiling water, 
from which crystals of impure gallic acid are deposited on cooling. 
These crystals are purifiod by being again dissolved in seven or eight 
times their weight of boiling wator, aud bleaching the solution by 
animal charcoal. 

Tannin may also be transformed into gallic acid by heating it with 
dilute mineral acids or with alkaline solutions. Tlio latter method is the 
least to be recommended, inasmuch as the alkalies decompose the gallic 
acid as it is formed. The dilute acids give better results and allow the 
operation to be conducted rapidly. According to S tollhouse, the best 
method consists in digesting tannin for a day with sulphuric acid 
diluted with seven or eight times its weight of water, care being taken 
to occasionally replace the water evaporated. The liquid, concen- 
trated at a gentle heat, deposits crystals of gallic acid which are 
scarcely coloured, and the weight of which is almost equal to that of 
the tannin employed. 

Gallic acid crystallizos in long silky needles. The crystals have a 
slight ly-acid taste, but are without odour; they dissolve in 100 parts 
of cold and 3 parts of boiling water ; alcohol and ether also dissolve 
them : they contain a molecule of water of crystallization, which they 
lose when dried at 100°. 

Heated to 210° or 215°, gallic acid is decomposed into pyrogallic 
phenol and carbonic anhydride : 

(C 7 n fi O B ) = (CO a ) -H (C 6 H 6 O s ) 

Gallic add. Carbonic pyrogallic 

anhydride. phenol. 

When protected from the air the solution of gallic acid is preserved 
unaltered, but when exposed to the air it absorbs oxygon and deposits 
a black sediment. This oxidation becomes very rapid under the 
influence of the alkalies : the liquid then assumes a red colour. 

Gallic acid colours ferric salts deep blue. It does not precipitate 
vegetable alkalies nor gelatine when pure, but when mixed with gum 
it precipitates gelatine. 

•When gently heated with concentrated sulphuric acid, gallic acid 
loses a molecule of water and is converted into rufigallic acid : 

(C 7 H°0°) = (11*0) + (<J 7 J1 4 0 4 ) 

Gallic acid. Water. Uuflgullic ucid. 
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Gallic acid has been recently obtained by Lautemann by the reaction 
of moist oxide of silver on dibromosalicylic acid : 

((THWO*) + (Ag*0) + (H*0) = + ((yipO 0 ) 

Dibromo-salicylic Oxide of Water. Bromide of Gallic acid, 

acid. silver. silver. 


Appendix to Gallic Acid . 

Tannin. — Gall-nuts, coffee, oak bark, and many other vegetables or 
parts of vegetables contain substances which precipitate albumen, 
gelatine, and the vegetable alkaloids, and which form insoluble com- 
pounds with the skin of animals, fibrine, etc. The generic name of 
tannins is given to all these substances, but they nevertheless differ 
from each other. 

Only one of these tannins is accurately known — that procured from 
the gall-nut — and we will confine our remarks to it. 

In order to extract tannin or gallotannic acid from gall-nuts, these are 
powdered, and digosted with dilute ether in a percolator. As the 
liquid percolates through the gall-nuts, these yield their tannic acid to 
the waler, while the ether dissolves the fatty matters and colouring 
substances. On standing, these solutions separate into two layers, tho 
lower of which containing the tannin is removed, and evaporated at 
100° : tho tannin is procured in the form of a vitreous, yellowish, very 
light substance, which on being reduced to powder presents the 
appearance of crystalline plates, though in reality it is not c^stallized. 

Tannin is soluble in water, alcohol, and other; it precipitates the 
ferric salts a very dark blue, almost black, but has no action on the 
ferrous salts, which fact explains why ordinary ink, obtained by 
boiling a solution of a ferrous salt with gall-nuts, becomes darker 
when exposed to the air. 

Tannin possesses acid properties, and enters into double decompo- 
sition with bases, but its alkaline salts are difficult to obtain, because, 
on contact with tho alkalies and air, tannin oxidizes, and is transformed 
into a dark-red substance, identical with that which is formed when 
gallic acid is submitted to the same reaction. 

Tannin transforms skins into leather : so great is their affinity that 
when a piece of skin is placed in an aqueous solution of tannin, this 
skin seizes the whole of the tannin in solution. The process of tanning 
is founded on this property. 

Dissolved in water and left in tho air in presence of ferments, tannin 
is changed into gallic acid ; the same transformation takes place under 
tho influenco of boiling dilute acids or of alkaline solutions. ChemSts 
arc not agreed as to tho reaction which takes place in this case. 
According to some, tho tannin simply oxidizes and produces gallic 
acid, water and carbonic anhydride being formed at the samo time : 



TAETAIilC ACID. 


C21 


<C"H“O'0 + fl(o}) = «(C0«) + 2(}{}o) 

Tannin. Oxygen. Carbonic Water. 

anhydride*. 

+ 3(OTr0 5 ) 

Gallic acid. 

According to Strccker, on the contrary, tannin is a glucoside, which is 
transformed into gallic acid and glucose on absorbing the elements of 
water. The carbonic anhydride, according to his view, is owing to 
the fermontation of glucoso; the following would bo the equation 
according to this hypothesis : 

(C 7 H»0 17 ) + 5(H 8 0) = 3(C 7 JI fl 0 5 ) 4* (C fl IT l2 O tt + aq.) 

Tannin. Water. Gallic acid. Glucose. 

Ilowever, the late experiments of Messrs. Kawalier and lvnop tend 
to prove that tannin is not a glucoside, and that the glucoso which 
is sometimes formed during its transformation into gallic acid is owing 
to impurities. Tannin not being cryst-allizable, its purification is very 
difficult. 

Tartaric Acid. — There exist several varieties of tartaric acid which 
differ in their crystalline form and by their rotatory power ; these arc: 
dextrotartaric or dcxtroraccmic acid, 1 ad vo tartaric or lnffvoraccmic acid, 
inactivo tartaric acid, paratartario or racemic acid, and artificial para- 
tartaric acid. 

Dextrotartaric or tho ordinary acid, thus called because it is dextro- 
gyrate, is extracted from tho cream of tartar of wine casks, which is an 
acid tartrate of potassium (CTPKO 6 ). After purifying this salt by 
several crystallizations from boiling water, it is again dissolved, and 
milk of lime or powdered chalk is added to tho solution. In both 
cases neutral tartrate of calcium is precipitated, and neutral potussic 
tartrate remains dissolved : 

2(C 4 II B KO fi ) + (CaO) = (C‘HTO) + (CTPCV'O") + (IPO) 

Acid tartrate of Lime. Neutral tartrate Neutral tartrate Water, 

potassium. of potassium. of culdum. 

When chalk is used, tho reaction is accompanied by a violent disen- 
gagement of carbonic anhydride. The operation is arrested when 
effervescence ceases and tho liquid is neutral. 

It is then filtered, and chloride of calcium is added to tho filtered 
liquid; all tho tartrate of potassium is transformed into tartrate of 
calcium which precipitates, and potassic chloride which remains in 
solution : 

(C 4 H 4 K*0 8 ) + (CVC1 2 ) = 2(KC1) + (CTPCa "(/*) 

Neutral tartrate Chloride of Chloride of Tartrate of 

of potassium. calcium. potassium. calcium. 

Tlio precipitate of tartrate of calcium is suspended in water, and 
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snlphario acid ia added, when insoluble sulphate of calcium and soluble 
tartaric acid are formed : 

(C*H , Ca"0*) + (SH'O*) = (SCaO 4 ) + (Cn'O*) 

Calcic tartrate. Sulphuric Sulphate of Tartaric acid, 

acid. calcium. 

Tho liquid is filtered, evaporated, and left to cool; tartaric acid 
crystallizes in largo crystals, which arc hemihedral to tho right. 

Acid paratartrato of potassium is found in the cream of tartar of 
Austria, Hungary, Saintongo, etc. After extracting tho acid from this 
cream of tartar in the manner just described, paratartaric may bo 
separated from tartaric acid by repeated crystallizations. Paratartaric 
acid crystallizes in small needles, which stand out white upon the large 
crystals of tartaric acid, and may bo readily separated mechanically. 
Paratartaric acid may also be obtained artificially, by submitting tartaric 
ether or the tartrate of cinchonine to tho action of heat : this acid is 
without action on polarized light ; its crystals and those of its salts do 
not present hemihedral facets. 

When the double paratartrate of sodium and ammonium is crystallized 
there is a mixturo of crystals, some of which are hemihedral to the 
right and some to the left. If these crystals bo separated mechanically 
and tho corresponding acid bo prepared from each, it will bo found that 
this acid is no longer paratartaric, but tartaric acid. But the acid pre- 
pared from those ciystals which are hemihedral to tho right is ordinary 
tartaric acid, while that prepared from those hemihedral to tjio left 
presents, like the salt whence it arises, hemihedral facets turned to the 
left, and deviates the plane of polarized light to the left ; this is lrnvo- 
tartaric or laovoracemic acid. 

As laovoracemic acid is not destroyed by fermentation, while dextro- 
racemic acid is, this property may be utilized in its preparation. If 
paratartaric iicid bo fermented and tho acid contained in tho liquid be 
extracted when the fermentation is terminated, Levoracemic acid can 
be obtained. 

Lmvoracemic and dextroraccmic acids combine, producing heat, and 
forming paratartaric acid. 

Paratartaric acid therefore has a double molecule, and owes its inac- 
tivity to the fact that tho dextrogyrate action of one of the groups it 
contains is neutralized by the contrary action of the other group. 

Under the influence of a temperature of 170°, maintained for several 
hours, paratartrato of cinchonine is modified and inactive tartaric acid 
may then be extracted from it : this acid differs from paratartaric acid 
in that its inactivity is absolute, and is not owing to a compensating 
influence 

An acid which possesses the composition and most of the properties 
of paratartaric acid has recently been produced artificially by submit- 
ting dibromo-siiccinic acid to the action of moist oxide of silver : 



TABTAE1C ACID. 


623 


(C 4 H 4 Bi*0 4 ) + (Ag*0) + (IPO) = 2(AgBr) + (C 4 H»0’) 

Pibrom uccintc Oxide of Water. Bromide of Artificial 

acid. silver. silver. paratartaric acid. 


This acid differs from tine paratai-taric acid in that it docs not 
possess the property of dividing into two acids having different optical 
properties. 

Chemical Properties of Tartaric Acid. — The different modifica- 
tions of tartaric acid should be regarded as so many allotropic states of 
one compound. In reality, the chemical properties of a slightly 
elevated order are the same for all these bodies. 

1st. Tartaric acid is tetratomic. When the basic tartrate of lead 
(PbO,C 4 H 4 PbO fl ) is dried at 130°, a molecule of water is eliminated, 
and a tartrate (C 4 II*Fb*O fl ) is produced, in which four atoms of 
hydrogen are replaced by two atoms of load ; this metal here acting 
with a value of substitution equal to t wo. 

2nd. Tartaric acid is bibasic; therefore, with positive metals, it 
forms two scries of salts ; the first, acid or monometallic ; the others, 
neutral or bimetallic. These salts should bo represented by the for- 
mula): 

/C 4 H 2 0 2,V 1 n A /C 4 I1 2 0 2|V \ n A 

VlFHM'f U ; V u ; 

Acid turlrate. Neutral tartrate. 


3rd. When a monometallic tartrate reacts on a polyatomic base, such 

( Sb ,f ) \ /Pe 2vi ) \ 

II 3 I ^ C1T1C hydrate ( 1J« [ Q 8 )* or 

even on certain acids or weak acid anhydrides, such as boracic acid 

(h® } or arsen * 0U8 anhydride (As^O 3 ), the second atom of basic 

hydrogen is replaced by an oxygenized group, and particular salts are 
obtained, which aro : — 

Tartar emetic, or potassic tartrate of antimony : 

/ C 4 n 2 0 2, M 0 A 

\H 8 (SbO/Kj U / 


Solublo cream of tartar, or potassic tartrate of boron : 



Arsenious potassic tartrate, or potassic tartrate of arsenic : 



Ar senic potassic tartrate : 
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Potass ic tartrate of bismuth : 


f C 4 IFO»M 0 A 

{K*(B\oyKf u ) 


Potassic tartrate of uranium : 


/ C*H a 0 2,v 
\H 2 (UO)'K 



Potassic tartrate of chromium : 



Potassic tartrate of iron : 


/ (OTTO 2IV ) 2 1 0 A 
\H 4 (Fe*0 2 )"K 2 f u J 

In these different compounds the potassium may be replaced by 
another monatomic metal, or even by another biatomic metal* Put- 
in the caso of those bodies which only contain a single atom of potas- 
sium, this latter substitution entails tho doubling of the molecule. 

The potassic tartrate of antimony (tartar ometic) is obtained by 
boiling for half an hour a mixture of three parts of oxide of antimony 
and four parts of cream of tartar diluted with water. The boiling 
liquid is filtered, and tho tartar emetic is deposited in crystals on 
cooling ; these crystals havo tho formula : 

/ C 4 IFO*' v l n4 V , 

VH 2 (SbO)'Kf 0 ) + A<1 ‘ 

When heated to 100°, tartar emetic loses its water of crystallization. 

It dissolves in water readily. Ammonia scarcely affects this solu- 
tion when it is diluted, but if it be concentrated and hot, this reagent 
produces a white flaky precipitate of antimonious hydrate. In such a 
solution potash forms a white precipitate soluble in an excess of the 
reagent, and tho mineral acids, such as nitric, sulphuric, or hydro- 
chloric acid, give a white precipitate pf a sub-salt of antimony : 

/ C 4 II*0 2,v ) n A , 0 /II)\ K 1 , /C 4 H*0 2,v ) n4 \ 
\H*(SbO)'Kf 0 / + 2 (oif) = Clf + ( H 4 f °J 

Tartar emetic. Hydrochloric Chloride Tartaric add. 

acid. of potastdum. 

+ (SbO'Cl) 

Oxychloride of 
umiuiouy. 

In solutions of tartar emetic, tannic acid produces a white precipi- 
tate of tannate of antimony. It is tho only organic acid which possesses 
this property. 
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Tartar emetio added to solutions of the nitrates of silver, calcium, 
barium, or strontium, gives potassio nitrate and a double tartrate of 
antimony and silver or calcium, etc., which is precipitated. 

Heated to 200°, all these double tartrates lose water, which is formed 
at the expense, not of the basic but of the typical hydrogon of the tar- 
taric acid, and of the oxygon of the radicle (SbO)' : 

/ CTBWqA _ Hi G /C 4 II*0 2IV ) 0 A 
\H 2 (SbO)'K [ °7 “ nf ° + \ Sb'"K \ ^ ) 

Tartar emetic. Water. Dried tartar emetic. 

These dried potassic tartrates are tetrametallio tartrates, in which 
.a single atom of hydrogen is replaced by potassium, and the three 
others by a trivalent element. 

4th. If tartaric acid be kept in a state of fusion for some time, it 
loses half a molecule of water, and ditartaric acid Q7^ 

is produced. If the action of heat be maintained still longer, the tar- 
taric acid loses a whole molecule of water, and furnishes anhydrous 
tartaric acid (C'ffO 6 ). 

Anhydrous tartaric acid can exchange an atom of hydrogen for an 
atom of metal : such compounds are obtained by adding a solution of 
this body to that of the acetate of calcium, barium, or strontium. 

If it be heated to 150° with an excess of massicot, it loses another 
molecule of water and gives a salt which results from tho substitution 
of Pb for H 2 . 

The first tartaric anhydride is therefore a biatomic acid, which is 
another proof in favour of the tetratomicity of tartaric acid. 

5th. When tartaric acid is strongly heated, the tartaric group is 
destroyed, water and carbonic anhydride are disengaged, and pyruvic 
acid (C s H 4 0 3 ) or pyrotartaric acid (CMI*!) 4 ) is formed : 


(CTO) 

= (CO 2 ) 

+ 

(H 2 0) 

+ (c s n 4 () s ) 

Tartaric acid. 

Carbonic 

anhydride. 


Water. 

Pyruvic acid. 

2(C 4 H‘0*) 

= 3(C0 2 ) 

+ 

2 (n s 0 ) 

-f (CTO) 

Tartaric acid. 

Carbonic 

anhydride. 


Water. 

Pyrotartaric 

acid. 


6th. As yet, only tho neutral bi alcoholic and acid monoalcoholic 
ethers have been obtained with tartaric acid. It is probable that 
several other kinds exist. 

7th. Recently, two molecules of acetyl have been substituted for two 
atoms of hydrogen in bialcoholic tartaric ethers, by submitting these 
ethers to the action of the chloride of acetyl, which proves positively 
tho tetratomicity of tartaric acid : 


/ [OCTFV 



/ lOC'H® \ 

(cto€™‘ 

+ 2 rs}) 

+ 

(N 

II 

f^^looSo) 

\ lOH / 


\ (Of! 2 H*0/ 

Diethylic tartrate. 

Chloride or 

Hydrochloric 

Diaceto-dlethylic tartrate. 

acetyl. 

acid. 
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8th. Calcined with caustic potash, tartaric acid splits up into potassic 
oxalate and acetate : 

(C 4 H‘0‘) = (CTO) + (cra*o s ) 

Tartaric acid. Oxalic acid. Acetic add. 


9th. When tartaric acid is acted on by a mixture of monohydrated 
nitric acid and sulphuric acid, it is transformed into a product of 
nitrous substitution, called nitrotartaric acid, and which, when left to 
spontaneous decomposition at a temperature not exceeding 30°, gives a 
now acid — tartronic acid — which appears to be the inferior homologue 
of malic acid, having for formula (0 8 H 4 0 5 ). 

An acid (C 6 H 8 0®) which Kekule has obtained by causing moist 
oxide of silver to act on bibrorao-pyrotartaric acid, has not as yet been 
studied. 

Citric Acid (CTPO 7 ). — Citric acid is extracted from the juice of 
the lemon. This juice is slightly fermented to separate any mucilagi- 
nous matters, then it is saturated when hot, by chalk. It will be 
found advantageous to finish the saturation with quicklime. A pre- 
cipitate of citrate of calcium is formed, which is washed, using warm 
water, as this precipitate dissolves in cold water. It is then decom- 
posed by dilute sulphuric acid, the sulphate of calcium produced is 
separated by filtration, and the citric acid is crystallized. Up to the 
present time citric acid has not been obtained synthetically. 

Properties. — 1st. Citric acid crystallizes in rhombic prisms termi- 
nated by four trapezoidal faces. It is colourless,, inodorous, and has a 
very acid taste. It dissolves in three-fourths of its weight of cold 
water, and half its weight of boiling water. Alcohol also dissolves it ; 
its crystals contain a molecule of water of crystallization, which they 
lose at 100°. 

2nd. Citric acid precipitates baryta, but not lime ; but the solution 
of citrate of calcium deposits the greater part of this salt on boiling. 

* 3rd. Citric acid is tetratomic. On desiccating the basic citrate of 

copper ^ ^H^Cu 8 }^ 8 ’ salt loses two molecules 


of water besides its water of crystallization, and there is formed two 

4 ^, in which Cu 2 takes the place 


molecules of citrate 
of H 4 . 


4th. Citrio acid is tribasic ; with alkaline metals it can give three 
series of salts: the first neutral and trimetallic the 

second bimetallic and monoacid and the last mono- 

/CTPO 1 ) \ 

metallic and bxacid ^ jj M'H 8 r® 4 )• Three series of citric ethers are 

known which correspond to these three series of salts. 

5th. There also exist citric ethers in whioh IP being replaced by 



PENTATOMIC ACIDS. 


627 


radicles of alcohol, a fourth atom of hydrogen is replaced by acetyl. 
‘ These ethers, obtained like the analogous tartaric ethers, demonstrate 
that citric acid is tetratomic. 

6th. Citric acid, submitted to the action of heat, first loses IPO, and 
gives aconitic acid : 

cw - gf° + c®s» 

Citric aoW. Water. Aconitic acid. 

This latter body cannot be considered as a citric anhydride ; such 
an anhydride would be biatomic, while aconitic acid has a basicity 
equal to three. It must therefore be admitted that the water elimi- 
nated is formed half at the expense of the radicle, and half at that of 
the typical hydrogen. 

7th. When the action of heat on aconitic acid is continued, 
carbonic anhydride is disengaged, and a now acid — itaconic acid — is 
produced : 

CT'H - w + ( CT T}°‘) 

Aconitic acid. Carbonic Itaconic acid, 

anhydride. 

When still greater heat is applied, the itaconic aoid loses water and 
gives anhydrous pyrocitric acid (C 8 H 4 O a ). When this is dissolved in 
water it regains the molecule of water it had lost ; but instead of 
returning to the state of itaconic acid, it gives an isomer of this body — 
citraconic acid. 

Finally, under the influence of hydriodic or nitric acid, citraconic 
acid is transformed into a third isomer, mesaconic acid. Wo have 
spoken elsewhere of itaconic, mesaconic, and citraconic acids (see Non- 
Saturated Biatomic and Bibasic Acids). 

7th. Melted with hydrate of potassium, citric acid is transformed 
into oxalate and acetate : 

(CTPO 7 ) + (H 2 0) = (OTTO 4 ) + 2(C*H 4 0*) 

Citric acid. Water. Oxalic acid. Acetic acid. 


PENTATOMIC ACIDS. 

None are as yet known. 

In the first edition it was said that citric acid, although classed 
among ^tetratomic acids, might nevertheless possibly be pentatomic. 
This possibility can no longer be admitted, as M. Wislicenus has in this 
acid replaced 3H by ethyl, and 1H by acetyl, but has not been able to 
substitute acetyl for a fifth atom of H. 


2 s 2 
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HEXATOMIC ACIDS. 

One hexatomic and monobasic acid is known — mannitio acid 
(C«h , 2 0 7 ) = H 6 }® 8 )’ an< * ^ wo hexatomic and bibasic isomeric 

acids— mucic and saccharic acids (C°H ,0 O 8 ) = “^ an " 

nitic acid has been obtained by Gorup-B^sanez, by oxidizing mannite 
by means of platinum black. 

Saccharic acid is obtained by oxidizing mannite, cane-sugar, glu- 
cose, etc., by nitric acid. Mucic acid is prepared by oxidizing 
lactose, galactose, dulcite, and the gums in the same manner. 

The hexatomic nature of saccharic acid cannot bo doubted, as a 
saccharatc of lead has been obtained in which II 6 is replaced by Pb 8 . 

AMIDES. 

Amides are to acids what compound ammonias are to alcohols ; they 
are bodies which result from the replacement of the hydrogen of 
ammonia by an acid radicle. In studying amides we will follow the 
same method as wo employed in the study of compound ammonias, and 
consider successively the amides which correspond to mono, bi, tri, 
etc., atomic acids. 


AMIDES DERIVED FROM MONATOMIC ACIDS. 

Monatomic acids may be regarded as containing the residue Oil 
united to a monatomic radicle. They can only therefore lose the 
group Oil once, and consequently can only give rise to a single rosidue, 
wdiicli is always monatomic. 

Monatomic acid radicles may be substituted for one, two, or three 
atoms of the hydrogen of ammonia, and thus produce 

R1 111 R) 

primary II >N, secondary R VN, and tertiary R>N 

HJ nj Rj 

amides. 

Compounds belonging to the ammonium type, and containing four acid 
radicles, are never obtained : there are no amides corresponding to the 
quaternary ammonias. 

Preparation of Primary Amides.— T hese bodies maybe obtained by 
four different processes. 

1st. By heating an ammoniacal salt; a molecule of water is set 
free and an amide remains. The ammonium loses H 2 , which unite 
with the typical oxygen of the salt to form water, and there remains 
therefore the group NH* ; that is to say ammonia less an atom of 
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hydrogen, and a monatomic radicle, which takes the place of this 
hydrogen: 



Acetate of ammonium. Water. Acetamide. 


2nd. When a compound ether is treated with ammonia, an amide 
and alcohol are produced. This reaction is more or less oasy ; some- 
times it requires the assistance of heat, and sometimes it tabes place 
at the ordinary temperature : 



Benzoate of ethyl. Ammonia. AlcohoL Bcnzamide. 


3rd. Ammoniacal gas is made to act on an acid chloride ; chloride of 
ammonium and an amide are produced : 



Chloride of Ammonia. Chloride of Butyramidc. 

butyryl. ammonium. 


4th. An acid anhydrido is submitted to the action of ammonia ; an 
amide and an ammoniacal salt are formed : 



Valeric unhydride. Ammonia. Valerate of Valcramide. 

ammonium. 


In these different reactions, when ethylated, methylated, phenylated, 
etc. ammonias are substituted for ordinary ammonia, amides are 
obtained in which one or both the remaining atoms of hydrogen are 
also replaced by alcohol radicles. 

Thus on heating benzoate of aniline, phenyl-benzamide or benzani- 
lide is obtained : 

&•)}«) -(?}«>) + RH 

Benzoate of aniline. Water, Phenyl-benzamide 

or benzanilide. 

Preparation of Secondary and Tertiary Amides. — Secondary 
amides are obtained : — 1st, by causing acid chlorides to react with the 
primary amides : 
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C1H ♦ c 


Acetamide. 


C*H“0 )\ 
ClfJ 

Chloride of 
acetyl. 


/C*H*0 ) \ 

Hr) 

Diacetamide. 


► S} 

Hydrochloric 

acid. 


2nd. By the action of hydrochlorio acid on the primary amides at a 
high temperature : 

/C’H’O ) \ 
(NH 4 C1) + lc™ |Nj 

Chloride of Diacetamide. 

ammonium. 

Gerhardt has obtained tertiary amides, by treating the salts of 
secondary amides with acid chlorides : 



Acetamide. Hydrochloric 

acid. 


f(°"SW w 

era )' 111 

\ Ag 

Nitride of silver, benzoyl, and 
aulphophenyl. 


+ ra 


Chloride of 
acetyl. 


;r^')oy 

+ I OTO 

C 2 H s O 


N 


Nitride of acetyl, benzoyl, and 
aulphophenyl. 


of} 

Chloride 
of silver. 


Properties. — The properties of the primary ai*d secondary mona- 
mides only are well known. 

Properties of Primary Monamides . — 1st. When heated with water in 
a hermetically-sealed tube, at a temperature of about 200°, these 
amides absorb a molecule of water, and are transformed into the am- 
moniacal salt of the acid the radicle of which they contain : 



Acetamide. -Water. Acetate of 

ammonium. 


The same reaction takes place when amides are heated with hydrat- 
ing agents, such as alkaline bases or dilute mineral acids. Only in 
this case, instead of ammonium, there are obtained the products of its 
decomposition by the reagents employed. Thus, if acetamide be 
heated with sulphuric acid, ammonic sulphate and acetic acid are pro- 
duced ; if the same body be treated with potash, acetate of potassium 
and ammonia are formed : * 
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Acetamide. Water. Sulphuric add. Ammonic sulphate. 


+ °rsi°) 

Acetic add. 

("JH + + (iH 

Acetamide. Potash. Acetate of potassium. Ammonia. 

2nd. Submitted to the action of acid chlorides, the amides lose 
hydrochloric acid and give rise to secondary amides ; acted upon by 
hydriodic ethers, they produce hydriodic acid and a mixed ammonia 
containing both an acid and an alcohol radicle. 

3rd. Treated with pentachloride of phosphorus, they give a chloride, 
which may bo considered as tho hydrochlorate of the nitryle corre- 
sponding to the amide employed ; oxychloride of phosphorus and 
hydrochloric acid are formed at the same time : 

/C 7 H a O 1 \ 

I HVNj + (PCI 5 ) = (PCl'O) + Cl} + (C 7 H 5 "'N.HC1) 

Benzomide. Pentachloride Oxychloride Hydrochloric Hydrochlorate of 
of phosphorus, of phosphorus. acid. benzonitryle. 

4th. Nitrous acid transforms the primary amides into nitrogen, 
water, and the acid of the radicle contained in the amide : 


riH + e , s!o)=sf+r^}o) + (^o) 

fienzumide. Nitrous acid. Nitrogen. Benzoic acid. Water. 

5th. When strongly heated with dehydrating bodies, such as phos- 
phoric anhydride, these amides lose a molecule of water and give new 
compounds, which are called nitryles : 

} N ) = (h}°) + (° SH9N ) 

Vulerawlde. Water. Valero-nitryle. 

When these nitryles are submitted to the influence of hydrating 
agents, they absorb two molecules of water, and give the same ammo- 
niacal salt as would be furnished by their original amide if it were 
hydrated. If the hydrating agents employed be bases or acids, instead 
of an anvmoniacal salt, products of its decomposition are obtained : 


C 6 IFO 

H 

t H 
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(OWN) + (§}o) + (g}0) = (°^}0) + 

Valeronltryto. Potash. Water. • Potassic valerate. 



Ammonia, 


Submitted to the influence of nascent hydrogen, each nitryle absorbs 
H 4 , and is transformed into the primary compound ammonia of the 
alcohol corresponding to the acid whence it is dorived : 


(OWN) + a(g}) . ("!},) 

Acetonitrylc. Hydrogen. Ethylamine. 


The nitryle derived from a given acid has the same composition as 
the hydrocyanic ether of the lower series. Thus accto nitryle (C 2 H 8 N) 

has the same composition as the cyanido of methyl ^ 1\ Are these 


bodies identical? They were long believed to be, and really are so in 
the series of fatty acids, but it is doubtful whether they are in the 
aromatic series. It is probable that, by hydration, the nitryles would 
reproduce the same acids as were used to prepare them. Thus Can- 
nizzaro has shown that the hydrocyanic ethers of this scries, acted on 
by alkalies, give, not the acid homologous with that which corresponds 
to the alcohol whence they are derived, but an isomer of this acid. 
There is therefore reason to think that the isomerism observed botween 
the acids continues, and that in the aromatic series the nitryles are 
not identical with the hydrocyanic ethers, unless the nitryles derived 
from benzoic acid and its homologucs bo the hydrocyanic ethers of tho 
phenols (see Phenols), while the nitryles of isomers of the homologues 
of benzoic acid would be tho hydrocyanic ethers of the true aromatic 
alcohols (as is very probable). 

The nitryles combine directly with hydrochloric, hydrobromic, and 
hydriodic acids, as is shown by Gauthier’s experiments. The most 
important reactions of the nitryles would lead us to regard these 
bodies as tertiary monamines, in which a tri atomic radicle would be 
substituted for H 8 . Thus acetonitryle would be C 2 H B "'N. This hypo- 
thesis accounts for the formation of nitryles by moans of ammoniacal 
salts, for the action of hydrating agents upon them, for the basic 
characters which they manifest, and for tho manner in which they act 
in presence of nascent hydrogen. 

When 2(H 2 0) is taken away from an ammoniacal salt, the H 4 is 
taken from the ammonium, and the O 2 from the halogen residue of the 
acid. These latter consist of an atom of typical oxygen which was 
attached to carbon by a single atomicity, and of an atom of oxygen 
joined to the carbon by both its atomicities ; the halogen residue, thus 
deprived of its two 0 from being monatomic, becomes triatomic — 
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0 f - 


c 

cmnrcm 

® ® ffiOZ 


H 


C 


ID 


Oxacetyl (C*H*O s '). Oxygen. Vinyl (C 2 II 3 "'), 

and saturates the nitrogen which remains from the ammonium : 

(°m?} °) = 2 (n}°) + (c*n*"N) 

Amnionic acetate. Witter. Acetonitrylc. 


The action of hydrating agents can bo explained equally well, as it 
is merely the reverse of the preceding. So also the transformation of 
the nitryles into primary monamines. The fixation of 11* on a tri- 
atornic radicle renders this latter monatomic, which obliges the 
nitrogen again to absorb H a to be saturated : 

(c*n*"'N) + ,<*,. ( <CW+I |U 

Acetonitryle. Hydrogen. Ethylamine. 


Lastly, if nitryles be regarded as compound ammonias, their combi- 
nation with hydracids follows as a matter of course. 

Properties of Secondary Amides . — 1st. These readily dissolve in 
ammonia ; they are acid, and can exchange their last atoms of hydrogen 
for metals. The metallic salts thus formed dissolve in ammonia, 
producing compounds which were regarded by Gerhardt as derived 
from two molecules of ammonia, but which, as they do not contain 
monatomic radicles, ought rather to be considered as derived from a 
single molecule of ammonia, in which 11 would be replaced by (NIT 4 ). 
According to this hypothesis, the two molecules would be united by 
the nitrogen acting in one of them as pentatomic : 



Nitride of sulphoplienyl, Ammonia. Nitride of tmlphopheny), 

benzoyl, and silver. benzoyl, and urgento-ammonium. 


2nd. Aocording to Gerhardt, perchlorido of phosphorus acts on 
secondary amides in the samo way as on primary amides. But tho 
product, instead of representing the combination of a nitrylo with 
hydrochloric acid, represents its combination- with a chloride of tho 


acid radicle : 


fCTW'l n Y 

l Bf°J 


C 7 H*0 

H 


N + (PCI 4 ) 


(PCl’O) + (ci}) 


Sulphophenylamide. Perchloride Oxychloride Hydnjchloric 

of phosphorus. of phosphorus. aclu. 


+ (C , H.*"'N . C*H‘SO . HO, Cl) 

Chloride of sulphophenyl'benzainidyl. 
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This chloride is decomposed by heat into an acid chloride and a 
nitryle. 


AMIDES OF BIATOMIC ACIDS. 

The amides of monobasic and those of bibasic biatomic acids must 
be mentioned separately. 


AMIDES OF MONOBASIC BIATOMIC ACIDS. 

These acids may gjive rise to three classes of amides ; 

1st. They may give primary, secondary, and tertiary diamides, by 
the substitution of their radicle for one, two, or three atoms of H in a 
double molecule of ammonia ; 

2nd. On losing OH they leave a monatomic residue, which may be 
substituted for one, two, or throe atoms of H in the simple type (NH 8 ), 
and give primary, secondary, or tertiary monamides. Moreover, these 
acids contain an atom of acid hydrogen and an atom of alcoholic 
hydrogen, and according as it is the one or the other of these atoms 
of hydrogen which is eliminated in the group OH, the residue is 
neutral or acid ; the result is that the amides containing this residue 
would themselves be sometimes neutral, sometimes acid. It can there- 
fore be established that three classes of amides correspond to the acids 
of this group : 

1st. Primary, secondary, and tertiary diamides ; 

2nd. Primary, secondary, and tertiary acid monamides ; 

3rd. Primary, secondary, and tertiary neutral monamides, isomeric 
with the preceding. 

The typical hydrogen of acid amides may be replaced by radicles of 
alcohols. When the ethers of this nature contain the radicle ethyl, 
they are called amethanes. 

The diamidcs of these acids are not yet known ; nor have the 
secondary and tertiary neutral monamides as yet been prepared. Only 
primary, secondary, and tertiary acid amides, primary neutral amides, 
and the others of acid amides are known. 

Primary Acid Monamides. — Preparation. — First Process . — These 
amides are obtained by submitting the monobrominated or mono- 
chlorinated derivatives of monatomic acids of the same series to the 
action of ammonia. Thus acid glycolamide is obtained by means of 
chloracetic acid and ammonia, and acid oxybutyramide by means of 
ammonia and brorao-butyric acid : 

( ewo S}o) + *<*■> ■ (*5}) + 

Chloracetic Acid. Ammonia. Ammon ic 

chloride. 



Acid glycolamide. 
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Second Process . — These amides may also be prepared by combining 
the aldehyds with ammonia, mixing the products thus obtained with 
hydrocyanic acid, and submitting the mixture to the action of hydro- 
chloric acid. This process is only applicable in the series of fatty 
acids, the only one in which the aldehyds can combine directly with 
ammonia. There is obtained in these reactions the amide of an acid 
which belongs to the series higher by a term than that the aldehyd of 
which has been taken. Thus, with ordinary aldehyd (C 2 H 4 0), which 
belongs to the series of which the fundamental hydrocarbide is the 
hydride of ethyl (C 2 1I 6 ), acid lactamide is formed. This belongs to the 
series, the fundamental hydrocarbide of which is the hydride of propyl 
(C a H s ), the superior homologue of the hydride of ethyl : 

(C*H 4 0) + (CNH) + (IPO) « (C 8 H 7 NO s ) 

Acetic aldehyd. Hydrocyanic Water. Acid lactamide. 

acid. 

Third Process . — In the aromatic scries, these bodies may also be 
prepared by reducing mononitrated monatomic acids by hydrosulphuric 
acid. These acids result from the action of fuming nitric acid on the 
monatomic acidB themselves : 

(OTPOJ o) + (N HO s ) = ^cai‘(NO«)Oj oj + (g}o) 

Benzoic acid. Nitric acid. ' NItrobenzaic acid. Water. 

*r (N %oj 0 ) + •©■) - 3 (id 

Nitrobonzolc acid. Sulphuretted Sulphur. 

hydrogen. 



Water. Acid oxybcnzumldc. 


Fourth Process . — Acid glycolamido is produced in the hydration of 
certain bodies which exist ready formed in animal secretions. These 
bodies are mixed amides, which contain, besides the radiclo (CWEPO - ), 
the radicle of another acid. Hydrating agents divide them into this 
acid and acid glycolamido : 



Hippuric add. Water. Acid glycolamido. 


+ (°»2}o) 

Benzoic acid. 

PitOPEUTtEs. — 1st. These monamides may act like acids or like 
ammonia. If they .are made to act on bases, they exchange IT for a 
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metal and give well-defined salts; if they are made to act on an acid, 
they combine with it directly, like ammonia, and also produce well- 
defined salts, capable of forming a great number of double salts with 
metallic salts : 

(ciPNO 1 ) + (n}°) = (c‘H‘KNO s ) + (iPo) 

Acid glycolumldo Potash. Glycolamldate of Water, 

(glycucol). potassium. 

(C’H 6 NO‘) + (HC1) = (CTPNO'.HCl) 

Glycocol. Hydrochloric Hydrocliloratc of 

acid. glycocol. 

2nd. The argentic salts of these amides, acted on by the chloride of 
an acid radicle, furnish • chloride of silver, and a secondary amido 
resulting from the substitution of the acid radicle for a second atom of 
hydrogen : 



Glycolumltlttte of silver. Chloride of Chloride Hippuric acid, 

benzoyl. of silver. 


All the animal compounds which give glycocol when hydrated, 
have a constitution analogous to that of hippuric acid. 

3rd. Alkalies never transform the amides of this class into alkaline 
salts of their corresponding acid and ammonia. Such a reaction would 
produce a bimetallic salt, as the following equation indicates — 

(mo>) + 2^ | o) = (ctpk’o 3 ) + (h 2 o) + (nip) 

Glycocol. Potash. Dipotassic glycolate. Water. Ammonia. 

which is impossible, as the acids whence these amides arc derived are 
only monobasic. 

4th. Submitted to the action of nitrous acid, these amides disengage 
nitrogen, water is liberated, and the acid to which the amide corre- 
sponds is also set free : 



Glycocol. Hltrous add. Glycolic add. 


+ (h}°) + n} 

Water. Nitrogen. 

5th. The action of dehydrating agents has not been examined, hut 
from analogy it may be supposed that these bodies are capable of 
losing a molecule of water and of being transformed into monamidcs, 
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in which H* would bo replaced by a biatomic acid radicle. In fact, 
such bodies do exist in other series, and are called imides. 

Secondary and Tertiary Acid Monamides. — These bodies have 
been little studied; we only know, from the researches of M. Heintz, 
that they are produced at the same time as primary monamides when 
these are prepared by the first process described. These amides natu- 
rally contain a number of atoms of basic hydrogen equal to the number 
of atoms of the residue introduced into the molecule; secondary 
amides are therefore bibasic, and tertiary amides tribasic. 

The mode of formation of theso compounds is explained by the 
following equations : 


2(C 2 H 8 C10 2 ) + 3(NII S ) = 2(NJT 4 C1) + 


Chloracetic acid. Ammonia. Clilorlda of 

ammonium. 


OTPO" 

H+ 

‘CFTFO") , ’ 

n+f u 


K 


r Nj 


n 

Diglycolamidic acid. 



"c 2 n?o"i 
_ n+i 

[°] 

t % 

f 

\ 

3(C s H*C10 2 ) + 4(NTF) = 3(NIPC1) -f 

C4FO"! 
l H+I 
041=0" 1 

1°. 

f°j 

! 

r 


1 

l n+ ' 


I 


Chloracetic acid. Ammonia. Chloride of Ttlglycolum idle ackl. 

ammonium. 


Nomenclature and Enumeration of the Compounds known in this 
Group. — Until recently, no regular nomenclature has been attempted 
for these bodies ; their names were formed by merely adding the ter- 
mination amic to tho names of the monatomic acids of the same series. 
It is upon this principlo that glycocol (C*1PN0*) has been called 
acetamic acid ; that the analogous compound of tho benzoic series is 
called benzamic acid, etc. 

It is evident that this nomenclature must be relinquished, for it 
connects these compounds with monatomic acids, while they are really 
biatomic. Recently, M. Heintz has proposed to name theso bodies by 
adding the termination amidic to the name of the biatomic acid tho 
elements of which they contain. On placing the sylables mono, di , or 
tri, before this name, we indicate whether the amide is cf the first, 
second, or third degree ; the prefix mono may be suppressed. Accord- 
ing to this system, the three amides derived from glycolic acid arc 
called : glycol amidic, diglycol amidic, and triglycolamidio acid ; the 
acid amide derived from lactic acid is lactamidic acid, etc. We shall 
adopt this nomenclature. 

The bodies actually known in this group are the following : 
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1st. In the series of the acids CH^O 8 : 
Glycolamidic acid . 


(rsfju 

\ H 


Diglycolamidic acid 


rc*H*o" 

H+ 

C’TPO" 

H+ 


1° 

1°’ 




Triglycolamidic acid 


Lactamidic acid 


Oxybutyramidic acid 


Oxyvaleramidic acid . 


Oxycaproamidic acid . 


cpipo" 

H+f 

r C 2 H 2 0" 

H+ 

L C 2 J1 2 0" 

n+ 


o 

o 

i°' 


mi 


irswu 




H 

H 




\ 


H 

H 


|[0-H‘W} 0 -' 


\ H 

2nd. In the series of the acids : 


N 


N 


N 


Oxybenzamidic aoid . 


Oxytoluamidio add 




Synonyms. 
Glycocol, Sugar 
of Gelatine, . 
Acktamic Acid. 


Alanine. 


A MIDO- VALERIC 

Acid. 


Leucine. 


Benzamic Acid, 
Amido-benzoic Acid. 


Toluamic Acid, 
Amido-toluic Acid. 



ETIIERS OF ACID AMIDES. 


639 


Oxycuminamidic acid 



Cumin am ic Acid, 
Amido-cuminic Acid. 


Oxyanisamidic acid 



Glyoolamidic acid has been called sugar of gelatine because it has 
a sweet taste, and is produced when gelatine is submitted to the action 
of the alkalies or of sulphuric acid. 

Leucine is found in the animal economy, and especially in the 
pancreas. 


Neutral Monamides. — These are very little known, lactamide alone 
having been at all studied. It is obtained by the action of lactic anhy- 
dride on ammonia : 


(C s H 4 0"0) + (NH 8 ) 


Lactic anhydride. Ammonia. 



Neutral lactamide. 


When lactic amide reacts with the caustic alkalies, they form alka- 
line lactate and ammonia : 

(C 8 H 7 NO # ) + (KHO) = (OTFKO 8 ) + (NH 8 ) 

Neutral lactamide. Potash. Potassic lactate. Ammonia. 


Nitrons acid transforms it into lactic acid, nitrogen, and water : 
(CHTNO*) + (NHO s ) = (IPO) + N a + (CTO) 

Lactamide. Nitrons acid. Water. Nitrogen. Lactic add. 

It is not known how dehydrating agents would act on lactamide ; 
probably it would lose (H 2 0), and produce a neutral amide, according 
to the equation : 

(ra}}.) - (h-o) + r?j.) 

La cta mid e. Water. Lactimido f 


Ethers of Acid Amides. — These ethers may be obtained : 

1st. By treating diethylic ethers of non-amidated acids by an 
alcoholic solution of ammonia : 
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Diethylic lactate. Ammonia. Alcohol. Lact imethunc. 


2nd. By submitting the anhydrides of non-amidated acids to the 
action of a primary mon amine : 

/o v /r^'ioTi | 

(C’H 4 0 , '0) + ^ n|Nj = jL H ' 0 , jp ijNj 


Lactic anhydride. 


Ethylaniine. 


I^actcthylamide. 


3rd. By causing a primary monamine to act on a monochlorinatcd 
or monobrominated monatomic acid : 

ns«>) + »(g}-) ■ 


Chluracetlc acid. 


Mcthylamine. 


Methyl -glycolamfdo. 


(TH 

Ilydrcichloratc or 
mcthylamlnc. 


Properties.' — I n the same series, tho compounds obtained by these 
different, processes have the same empirical formulae, but they are not 
identical. At least it is certain that there is a difference between the 
products prepared by the first process and those prepared by the 
second. 

While the lactamethane resulting from tho action of ammonia on 
dialcoholic ethers is decomposed, under the influence of alkalies, into 
ethyl-lactate and ammonia, that obtained by the reaction of ethyl- 
amine with lactic anhydrido is decomposed under the same conditions 
into ethylamine and lactate. This isomerism may be expressed in 
rational formula) by supposing that, in lactamethane, tho ethyl is sub- 
stituted for the typical hydrogen of tho residue of lactic acid, while in 
lactethylamide this same ethyl is directly substituted for the hydrogen 
of the ammonia. The preceding reactions may then be easily ex- 
plained, as is shown by the following equations : 



Lactamethane. Potash. Potaaric ethyl-lactuto. Ammonia. 
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Ethylamlne. 


There is reason to suppose that tho body obtained by the third 
process is identical with that obtained by the second ; but this is not 
quite certain, as these methods have never both boon applied in 
the same series. However, methyl-glycol-amide, when heatod with 
an alkali, disengages mothylamine, as lactethylamide disongages ethyl- 
amine. This analogy in their reaction tends to prove the identity of 
the products prepared by the two methods. 

Methyl-glycol-amide is isomeric with lactamide. Before its nature 
was known, its formation by the division of creatine had been ob- 
served, and it was called sarcosine : 

(C 4 H 9 N 8 O a ) + (H 2 0) = (CH 4 N a O) + (CTEFNO 2 ) 

Creatine. Water. Urea. Sarcosine. 


AMIDES OF BIATOMIC AND BIBASIC ACIDS. 

The biatomic radicle of these acids may bo substituted for two, four, 
or six atoms of hydrogen in the type of two atoms of ammonia con- 
densed. It may also be substituted for H a in ihe simple ammonia 
tj T pe ; thence arise primary, secondary, and tertiary diamides, and 
monamides containing a biatomic radicle : these latter are called 
imides. In the second place, a biatomic and bibasic acid may, on 
losing OH, give rise to a monatomic residue, which, when substituted 
for H, H 2 , or H 3 in a simple ammonia, would give a primary, secondary, 
or tertiary monamide. 

Monaxnides. — In the bibasic acids the two atoms of typical hydrogen 
are both strongly basic. Whichever may be the atom eliminated in 
the group OH, that which remains always possesses basic properties. 
Consequently the monatomic residue is always the same, and its 
substitution for the hydrogen of ammonia can only give rise to a 
single series of amides instead of producing two series of isomeric 
amides, as we have seen is the case with biatomic monobasic acids. 

Only the piimary amides of this order are known. 

Preparation. — First Process . — These amides are obtained by care- 
fully distilling an add ammoniacal salt : 

2 T 
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Acid oxalate 
of ammonium. 


(H*0) + 


Water. 



Oxamlc add. 


Second Process . — They are also obtained by decomposing the 
diamides by half the quantity of alkali necessary to produce com- 
plete decomposition : 



Oxamide. Potash. Ammonia. Potassic oxamate. 


Third Process . — An imide is boiled in water : 


rr 6 » - di°) - pf) 

Argentic Water. Succlnomate of silver, 

succinimide. 

Properties. — 1st The monamides of this class all act as monatomic 
acids. 

2nd. As they only differ from an acid ammoniacal salt by the 
elements of a molecule of water, they can be transformed into such a 
salt by the action of hydrating agents : 



Oxamlc acid. Water. Acid oxalate 

of ammonium. 


When the hydrating agent used is an acid or an alkali, instead of an 
acid salt of ammonia, the products of its decomposition are obtained. 

3rd. Dehydrating agents, such as anhydrous phosphoric acid, cause 
these bodies to lose water and transform them into imides : 


f C 4 IJ 4 0 2 " 

■ 



Sucdnamk acid. 


(11°) + fTK) 

Water. Succinimide. 


4th. Added to the solutions of these amides, nitrous acid causes a 
disengagement of nitrogen, a molecule of water is eliminated, and the 
acid of which the amide contains the elements is produced; 
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+ C8}») - (?f°) + £} 

Nitrous add. Water. Nitrogen. 

+ C5» 

Oxalic add. 

Nomenclature. — These bodies are named by replacing the termi- 
nation of the name of the acid by amic. Thus wo say oxamic acid, 
sucoinamic acid, etc. 

Diamides. — Only primary diamides have as yet been prepared. 

Preparation. — First Process . — A neutral salt of ammonium is sub- 
mitted to careful distillation : 



Neutral oxalate Water. Oxamldo. 

of ammonium. 


Second Process. .—A neutral ether is treatod with aqueous ammonia, 
and a diamide and an alcohol are produced : 

«) 

Third Process . — A chloride of an acid radicle is made to act on dry 
ammoniacal gas : 

©) ♦ *(»}») - *cs}) + (§}*•) 

Chloride of an Ammonia. Ammonic Diamide, 

acid radicle chloride. 

Theso three processes are identical with the three first spoken of 
under the primary monamides derived from monatomic acids. 

Fourth Process.— By the action of ammonia on imides : 



Imide. Ammonia. Diamide. 


Properties. — 1st. These amides can absorb water and be trans- 
formed into neutral ammoniacal salts : 



Oxamide. Water. Neutral oxalate of 

ammonium. 


( 0*H 4 0"' 


Dicihylic succinate. 


Jo-) 





n* 

H a 

Succinamide. 


H 


«cn 


Alcohol. 



Oxamic acid. 


2 T 2 
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If an acid or an alkali be used for the hydration, the products of the 
decomposition of the ammoniacal salt by these agents are obtained. 

2nd. When treated by half the quantity of base necessary to 
effect their complete decomposition, these bodies give ammonia and 
the alkaline salt of an acid amide : 



Oxamide. Potash. Potass] c oxamate. Ammonia. 


3rd. It is probable that under the influence of dehydrating agents, 
these amides would lose two molecules of water and be transformed 
into nitryles, identical or isomeric with the hydrocyanic others of 
glycols lower by two terms in the series. It has been seen that when 
an alkali acts on the dicyanhydrin of a glycol, a biatomic and bibasic 
acid is obtained, belonging to a series higher by two terms than that 
of the glycol whose dicyanhydrin was employed. However, the 
direct dehydration of the diamides has not as yet been effected. 

4th. When heated alone the diamides lose ammonia, and are trans- 
formed into imides : 



Succinamide. Ammonia. Sucdnlmide. 


5th. Nitrous acid re-forms the acid whence the amide is derived ; 
water and nitrogen are produced at the same time : 

(TH + 2 ( n h}°) - rsw + 2 (so 

Sucdnamidf*. Nitrons acid. Succinic acid. Nitrogen. 

+ 2 (h]°) 

Water. 

Imides. — P rkparation .— First Process . — Imides are obtained by de- 
composing diamides by heat. 

Second Process. — They are also obtained by dehydrating acid 
amides : 

((h7°)}n) - (BO) + (|"}n) 

Add amide. Water. Imlde. 

Third Process . — Imides may also be prepared by causing ammonia to 
aot on an anhydrous biatomio and bibasic acid : 
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(TOO) + (NH») = ( 0 * H ^ , }n) + (H ! 0) 

Succinic anhydride. Ammonia. Succinlmide. Water. 


Properties. — 1st The imides always act as monobasic adds. 

2nd. Under the influence of hydrating agents, imides give the same 
products as acid amides. But to do this they absorb twice the quantity 
of water : 



Acid amide. 


+ (H’O) 

Water. 



Acid salt of ammonium. 


(£» + 
Imide. 


2 (H 2 0) + 



Water. Add salt of ammonium. 


3rd. It is probable that, under suitable conditions, tbe imides could 
absorb ammonia and be transformed into diamides : 


(g» + (NH») 

Imide. Ammonia. 



Diumide.* 


Amides containing Alcohol Radicles. — In the preparation of di- 
amides, if a compound ammonia bo substituted for ordinary ammonia, 
amides are obtained which contain the radicles of alcohols : 



Oxalate of ethyl. Ethylamine. Dicthyl-oxamide. Alcohol. 


So also on substituting primary monamides for ammonia in tlio 
preparation of acid monamides, the acid monamides obtained contain 
alcohol radicles : 


( (C 8 H»)H*N - 


\ 


Hj / 


Add salt of ethyl-ammonium. 


H*0 


Water. 


GW 


C*H 5 
H 

Moiiocthylic acid monamidc. 


N 


Bodies of the same composition as these latter, but neutral, are 


* Imides are derived from acid amides by the elimination of water, as nitryles are 
derived by elimination of water from neutral amides. Nitryles fix nascent hydrogen, 
giving compo un d ammonias. It might ho supposed from analogy that nascent 
hydrogen would also he fixed by the imides, hut M. Op|>enlieim and myself have as- 
certained tfiat this is not the ease. 
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obtained when dry ammoniaoal gas is made to act on a dialcoholic 
ether : 



Oxalate of ethyl. Ammonia. Oxametbane. Alcohol. 


These latter bodies decompose, under the influence of alkalies, into 
alkaline salts, ammonia, and alcohol : 



Oxatncthane. Potash. Potpasic oxalate. Alcohol. 



Ammonia. 


On the contrary, their isomers, obtained by means of compound 
ammonias, give compound ammonia, water, and an alkaline salt by 
the action of alkalies : 

P||n) + 2(1} 0) - (£:}«•) + (H}0) 

Mcmoethylic acid monamide. Potash. Neutral potaasic aalt. Water. 

sr) 

Ethylamiue. 

The rational formulas we have employed to represent these isomers 
take into account their difference of properties. They show that in 
the first the aloohol radicle is substituted for the typical hydrogen 

of the acid residue j O^, which consequently is brought back to 

the neutral state, while in the others this alcohol radicle is substituted 
for an atom of hydrogen of the ammonia. 

Those bodies whioh contain the radicle ethyl substituted for the 
typical hydrogen of the acid residue are called amethmea. 
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AMIDES DERIVED FROM ACIDS HAVING AN ATOMICITY 
GREATER THAN TWO. 


Triatomic acids may, by successive eliminations of HO, give riso to 
mono, bi, or triatomic residues, which, when substituted for the simple 
and condensed types, 


H 1 

H*1 

II’l 

HVN 

HHN* 

. ip In* 

hJ 

II'J 

H’J 


give primary, secondary, tertiary monamides, diamides, or triamides. 
Reasoning from analogy, it may bo deduced that tetratomic acids could 
produce monamides, diamidos, triamides, and tetramides ; pentatomio 
acids, monamides, diamides, triamides, tetramides, and pentamides, etc. 

When polyatomic acids have a basicity equal to their atomicity, as 
the different residues cannot present any case of isomerism, no phe- 
nomenon of this kind is observed in the amides of which they form 
part. * The basicity of any residue is always equal to that of the acid 
whence it is derived, less the number of the group OH eliminated. 
The result is that the most condensed amide, that which contains the 
radicle of the acid, is neutral, while the others are acid and present 
basicities equal to those of the residues which enter into their forma- 
tion. It will be seen from this that the most condensed amide being 
neutral, that of which the condensation is less by one degree is mono- 
basic, that of which the condensation is less by two dogroes, bibasic, 
etc. 

When polyatomic acids have a basicity inferior to their atomicity, 
with the exception of the radicle which docs not contain typical hydro- 
gen, each residue may result from the elimination of a group OH con- 
taining a positive hydrogen or from a group Oil containing a negative 
hydrogen. The residues therefore present cases of isomerism which 
naturally are also found in the amides which are derived from them. 

Let us take for example, 1st, the case of a triatomic and monobasic 
acid ; and, 2ndly, the case of a triatomic and bibasic acid. We will 
represent a triatomic and monobasic acid by the general formula 


/ • E ,,f | \ / -p/// j y 

I H + |0 # 1. The following residues may be obtained : a 

monatomic and neutral, which would furnish neutral amides; 




( H + l O 2 1 monatomic and monobasic, which would furnish acid and 

\H-j / 

monobasic amides ; y d-} 0^" biatomio and neutral, which would give 
neutral diamides ; 8 j 0^ biatomic and monobasic, which would 
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0 


monatomic as a radicle, and monobasic as an acid, which 


give monobasic diamides ; c R'" triatomio and neutral, which would 
give neutral triamides. 

We will also represent a triatomio and bibasio acid by the general 

/ E "') \ 

formula I H+H+ | 0* ) It will be seen that this acid could furnish 

f / gf/i \ y 

the following residues: a ( H + H + 1 anatomic as a radicle, and 
bibasio as an acid, which could produce bibasic acid monamides; 

m 

could give rise to monobasic acid monamides ; y j> 0 1 biatomic as 

a radicle, and monobasic as an acid, which could give monobasic 

diamides; 8 j 0^ biatomic and neutral, which could furnish 

neutral diamides; c B'" triatomio and neutral, which could give 
neutral triamides. 

On representing by general formulas the tetra, penta, and hexatomic 
acids, and exhausting in these formulre all the combinations which can 
be obtained by the elimination of OH, all the amides, isomeric or not, 
to which they can give rise, will be easily ascertained. 

However, it must be acknowledged that this is theoretical. As a 
matter of fact, only very few amides derived from acids having an 
atomicity greater than two are known. 

Those which are known are : 

1st. The neutral malo-diamide : 


rwi 


2nd. The aoid malo-diamide known as asparagin and extracted from 
certain vegetables : 

|~, 0 y- 

1 !• 


■N* 


3rd. The bibasic malic acid monamide (aspartic acid) obtained by 
the action of bases on asparagin, or by the hydration of fumarimide by 
means of boiling hydrochlorio aoid : 


fC 4 H 8 0*" , l n Y 

H+H+l °) 


XT 
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4th. Tartramio acid or tartaric acid monamide, monobasic : 



Vl 

V 

/( h ~y 

y ) 

\ 

\ H+J 

1 

- N 

\ 

H J 

/ 


5th. Tartramide or neutral tartaric diamide : 




6th. Phenyl-oitrodiamic acid, or monobasic, citric acid di-phenyl- 
diamide : 



7th. Phenyl-citramide, or neutral citric phenyl-triamide : 



8th. Neutral citro-triamide : 




Besides these, two citric imides are known : 

Phenylic monimide, which is monobasic, and which is called phenyl- 
citramio acid : 



Neutral phenylic di-imide, or phenyloitiimide : 



Several amides of polyatomio acids, such as meconic, comenic acids, 
etc., are known. But as the atomicity of these acids has not as yet 
been established, it is impossible at present to assign a satisfactory 
rational formula to these bodies. 
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PHENOLS. 

The name of phenols is given to bodies which have the same compo- 
sition as the alcohols of the aromatic series, or of series which are less 
hydrogenized, but which in their properties present marked differences 
to these alcohols. All the phenols have not the same atomicity. 

Formation of Phenols. — Ordinary phenol (C 8 H d O) is the 'only one 
that has been produced synthetically. It may be obtained by the re- 
action of nitrous acid on aniline : 

(°|} N ) + e H 0}o) = g} + (H}o) + (T}o) 

Aniline Nitrous acid. Nitrogen. Water. PhenoL 

(phenylamlne\ 

All the others are pyrogenized products derived from other organic 
compounds according to a law more or less regular, or they result from 
the splitting up of certain natural principles : 

(C^O 5 ) « (CO*) + (C fl II fl O s 

Gallic add. Carbonic Pyrngallic 

anhydride. t phenol. 

(C*°H“0 10 ) + 2(H*0) = ((WO 4 ) + 2(CO*) + 2((7H l, O f ) 

Erythrin. Water. Erythrito Carbonic Orcin (biatotnic 

anhydride. phenol). 

Properties. — Ordinary phenol (C B H fl O) is the only one well studied : 
it possesses the following properties, which' probably appertain to 
the other phenols. 

1st. Phenol exchanges an atom of hydrogen for an alkaline metal by 
double decomposition, in presence of bases, in the same manner as 
acids. But the compounds thus obtained are very slightly stable, and 
simple distillation with water decomposes them into phenol and free 
base. 

Carbonic anhydride, on reacting with the metallio derivatives of 
phenols, combines directly with them, and transforms them into tho 
alkaline salts of acids of a higher series. The metallio derivatives of 
alcohols, and salts properly so called, do not appear to possess this 
property. 

2nd. The ammoniacal compound of phenol may, on being dehydrated, 
be transformed into an alkaloid, aniline, the basic properties of which 
are veiy marked, though less so than those of the true alcoholic 
alkaloids. 

3rd. On causing hydriodic ethers to react on the phenate of potassium, 
true mixed ethers are obtained, which contain the radicle of phenol and 
the radicle of an alcohol : 

(°?}°) + m) - (si*} o) + a} 

Phenate of Iodide of Phenate of Iodide of 

.potassium. ethyl. ethyl. potawiiSu. 
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The same bodies may be formed in another manner : salicylic acid 
(CTPO 8 ) is decomposed by baryta into oarbonic anhydride and phenol. 
When the salicylate of methyl is substituted for salicylic acid in this 
reaction, the phenate of methyl is obtained instead of phenol : 


(S5SW + ~> 

Monomethyllc Baryta, 

salicylate. 


(S?}°0 + (Sf°) 

Barylic Phenate of 

carbonate. methyl. 


These ethers aro never obtained by the direct action of phenol on the 
aloohols. They differ essentially from those which contain only radicles 
of alcohols and from those which contain acid radicles. While the 
two latter classes of ethers split up under the influence of sulphurio or 
nitric acids, and furnish derivatives corresponding to their two gene- 
rators, the phenio ethers react with these acids, giving single derivatives 
analogous to those furnished by phenol itself : 

(cS}°) + ( N in °) = ( (m7 ( No ’)°) + wo 

Phenate of methyl. Nitric acid. Nltrophcmte of methyL Water. 

4th. Phenols do not combine directly with acids, but, under the 
influence of acid chlorides, they furnish compounds which result from 
the substitution of an acid radicle for the hydrogen of the phenol. 

These bodies, analogous by their composition either to compound 
ethers or to mixed anhydrides, clearly differ from both. They differ 
from mixed anhydrides in that water does not decompose them, and 
from compound ethers inasmuch as nitric acid reacts differently with 
several of them, especially with phosphoric phenol ; and instead of 
being neutral like compound ethers, they appear to be, like phenol itself, 
capable of entering into double decomposition with bases. 

5th. Phenol oxidizes with difficulty, and its oxidation takes place 
without loss of hydrogen, and with the formation of a product analogous 
to phenol. This character removes phenol from the alcohols, which in 
this case would lose hydrogen to give aldehyds, and then flx oxygen 
and be changed into acids. 

6th. With phenol, chlorine gives derivatives of substitution without 
elimination of hydrogen ; the alcohols, on the contrary, always lose 
two atoms of hydrogen, for which the chlorine is not substituted. 

7th. Phenol when submitted to the action of nitric acid, exchanges 
one, two, or three atoms of hydrogen for the radicle nitiyl (NO*). 
These products, like phenol, are capable of entering into double 
decomposition with bases, and do not reproduce their generators under 
the influence of hydrating agents ; alcohols, on the contrary, exchange 
H for NO* only once. The product is a compound ethor, perfectly 
neutral, aud capable, on becoming hydrated, of reproducing its 
generators. 
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Phenols are therefore bodies which, while having the composition of 
alcohols and several properties of acids, differ essentially from both 
these classes of bodies. 

To polyatomic phenols there appear to belong a great number of 
colouring principles, which are either themselves phenols, as appears to 
be the case with alizarine (CTO 8 ), or are derived from them by 
oxidation and the fixation of ammonia : 

2 (CTFO*) + 3^q|) + 2(NH S ) = SCCOTW) + 4(H*0) 

Ordn (bia- Oxygen. Ammonia. Orcein. Water, 

tomlc phenol). 

CONSTITUTION OP PHENOLS. 

That phenols are not true alcohols is clearly shown by their proper- 
ties, and it has especially become evident since, in several series, both 
phenols and alcohols which are isomeric with them are known. This 
is seen in the benzoic and in the cuminic series. 

In the figst of these, cresylic phenol and benzilic alcohol, both 
having for formula (C 7 H®0), and in the second thymol (C 10 H 14 O), isomeric 
with cuminic alcohol, are known. 

In what do these phenols differ from alcohols? Kekul6 has pro- 
pounded a theory which so far is in accordance with facts, and which 
accounts for this isomerism. 

We have soen that, according to him, benzine results from the union 
of six atoms of carbon forming a closed chain, in which each atom loses 
three atomicities, only the fourth remaining free to unite with hydrogen. 
In this hydrocarbide, the grouping being different from that in the 
series C"H i,i+a , it is evident that when OH is here substituted for H, a 
species of alcohol differing from the ordinary alcohols should be 
obtained. 

Let us represent this alcoholic derivative of benzine (phenol) and 
ethylio alcohol by the following figures : 



Ethylic alcohol. 


A great difference will at once be observed in the constitution of 
these bodies. 
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In ethylic as in all alcohols, the hydroxyl OH is united to an atom 
of carbon, two other atomicities of which are saturated by hydrogen. 
The result is that this hydrogen may be exchanged for oxygen, and 
thus render the compound electro-negative, that is to say, transform the 
alcohol into an acid, as is shown by the following figure : 



Acetic acid. 


In phenol, on the contrary, the hydroxyl is united to an atom of 
carbon of which all the other centres of attraction are saturated by 
carbon ; it is therefore impossible to replaco II 2 by O near the group 
OH, that is to say, to transform the phenol into an acid. 

The constitution of phenol being thus understood, it is evident that 
this body could not have an isomer, neither has it ; but its homologues 
have isomers which are true alcohols. 

As toluene, xylene, etc., are only benzine one or more atoms of the 
hydrogen of which are replaced by alcohol radicles, so also its homo- 
logues are derived from phenol by the substitution of alcohol radicles 
for hydrogen ; cresylic phenol, for example, is methylated phenol : 


n tt n tt a n 



It will bo seen from the above diagram that cresylic phenol is derived 
from toluene by the substitution of OH for II in the principal chain, 
and that this hydroxyl, being under the same conditions as in ordinary 
phenol, should possess the same properties. 

But if we suppose hydroxyl to be substituted for hydrogen in 
methyl, which in our diagram forms a lateral chain — 


n h n h n n 



the same atom of carbon which holds this hydroxyl also holds H f , 
which consequently may be exchanged for 0 and give rise to an acid. 
The compound whi ch would have this constitution should therefore 
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present characteristics analogous to those of aloohols proper, which it. 
really does. 

As we go higher in the aromatic series, we can conceive for one and 
the same term of this series several phenols and several alcohols, 
isomers, derived from several hydrocarbides also isomers. 

Thus we have seen that there exist two hydrocarbides having the 
formula (C 8 H 10 ) ; each of these hydrocarbides may furnish an alcohol 
and a phenol : 



= (C 8 H 10 ) a 



= (C 8 H 10 ) /? 


C H C H C H 



= Alcohol (O^O)^ 
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s= Phenol (C 8 H 10 O)a 



= Phenol (C 8 H 10 O)j3 


Therefore, to each hydrocarbide homologous with bcnzino tlioro cor- 
responds a phenol and an alcohol, and these two bodies differ in that 
the alcohol arises from the substitution of OH for H on a lateral chain, 
while in the phenol the substitution is on the principal chain itself. 

When speaking of the preparation of monatomic acids, we have 
seen that the cyanides of aromatic alcohol radicles, on becoming 
hydrated, give acids isomeric with benzoic acid and its homologues ; 
it is probable that the cyanides of the radicles of phenols would, on 
being hydrated, give true homologues of benzoic acid. 

The following diagrams show that the hydration of cyanide of 
benzyl and cyanide of cresyl should produce two isomeric acids : 



Cyanide of benzyl. 
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Water. Ammonia. 



Toluic add. Ammonia. 


W© said, when speaking of aromatic hydrocarbides, that the theory 
of M. K6kul6 does not explain clearly the combination of benzine 
with Cl* or Br*. 

However this may be, this theory, the only one as yet which 
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accounts for the numerous isomerisms observed in the aromatic 
series, is correctly based, and the deficiency mentioned cannot bo 
regarded as a serious argument against it, as, after all, the grouping 
of benzine may easily be modified under the influence of chlorine 
or bromino. 

liist of the Phenols actually known. — 1st. Monatomic Phenols. — 
Ordinary phenol, extracted from the oils of pit-coal (C 6 H c O). 

Crcsylic phonol, or cresylol, which is extracted from creosoto 
(C 7 H*0). 

Phloretio phenol, resulting from the splitting up of the acid of 
the same name (C 9 H 12 0). 

Thymotic phenol, or thymol, which exists in the ossenco of thyme 
(C 10 H 14 O). 

2nd. Biatomic Phenols. — Tyrocatechic phonol, or pyrocatcchol 
(C 8 II°0 2 ), obtained by the dry distillation of catechu. 

Guaiacic phenol, obtained by the distillation of tho resin of guai- 
acum ; and orcin, obtained by the decomposition of an crythrido called 
erythrin. Both these phenols have the formula (C 7 IT0 2 ). 

Veratrol (C 8 II 10 O 2 ), which is prepared by distilling an acid (voratric 
acid) contained in plants of tho veratrum species. 

3rd. Tri atomic Phenols. — Pyrogallic phenol, or pyrogallol, obtained 
by the diy distillation of gallic acid ; franguline and phloro-glucino, 
all of which have for formula (C 6 H 8 0 3 ). 

Alizaric phonol, or alizarin (C 10 IPO 3 ), the colouring principle of 
madder ( Rubia tinctorum). 

There should, perhaps, bo added to this list haematin, the colouring 
principle of logwood, the formula of which (0 1C 11 I4 0 H ) would ho that 
of a hexatomic phonol ; and oonolino, tho colouring principle of wine, 
the composition of which (O l0 H 10 O 5 ) corresponds to that of a pentatomic 
phenol. 


GENERAL CONSIDERATIONS ON ATOMICITY AND 
BASICITY. 

We havo soon that tho atomicity of a molecule consists in the 
number of atoms of typical hydrogen it contains, that is to say, of 
hydrogen that can be readily replaced by other radicles ; while basicity 
expresses the number of atoms of hydrogen for which alkaline metals 
may he substituted by doublo decomposition with bases. 

M. Kekule has given the following explanation — which wo think 
correct — of the causes to which the properties of typical and basic 
hydrogen are respectively owing : 

In the carbides of hydrogen, all tho hydrogen is united directly 
to the carbon, but it is possible for an atom of hydrogen to bo elimi- 
nated and for on atom of oxygen to take its place. But as oxygen is 
biatomic ft is not saturated on uniting with tho carbon by only one 

2 u 
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of its atomicities, and therefore by the other it combines with an atom 
of hydrogen : 

C 



The above figure represents the oxygenized molecule thus formed. 
It will be seen that it contains three atoms of hydrogen united directly 
to the carbon, and a fourth which is united to it only by means of the 
oxygen. This last is typical hydrogen ; the oxygen which serves as 
bond between it and the carbon has been called oxygen of addition, 
and, although this term is incorrect, we shall retain it for want of a 
better. It will be seen that, if the hypothesis of M. Kekul£ be true, 
each atom of the oxygen of addition should render an atom of hydrogen 
typical, so that the atomicity of a molecule should always be equal to 
the number of atoms of oxygen of addition it contains. 

The hydrogen rendered typical in the manner just indicated is 
alcoholic hydrogen, and the bodies of which it forms part are alcohols. 
The following figures represent the composition of propyl-alcohol and 
of propyl-glycol : 

c JL c 

) 


Propyl-alcohol. 

= C*H 8 0. 



Piopyl-glycoL 

= C 8 II 8 O a . 


In order that the typical hydrogen may become basic, it is necessary 
that for its two adjoining atoms of hydrogen a second atom of oxygen 
be substituted. It will be conceived from this that if, in a poly- 
atomic alcohol, the substitution only takes place in the neighbourhood 
of one atom of typical hydrogen, and not in that of others, that alone 
becomes basic where the substitution takes place. The result is, that 
in order to transform all the typical into basio hydrogen, it is neces- 
sary to introduce as many atoms of oxygen of substitution as there 
are atoms of oxygen of addition. 

If a smaller quantity of oxygen of substitution were introduced into 
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the molecule, the number of atoms of hydrogen made basic would 
always be equal to the number of atoms of oxygen substituted. This 
explains why a polyatomic alcohol can give origin to several acids, 
all of the same atomicity as itself, but of a basicity varying with the 
quantity of oxygen substituted. 

The following figures represent the constitution of hydride of propyl, 
propylio alcohol, propyl-glycol, propionic acid, lactic acid, and malonic 
acid. The basic hydrogen is marked by the sign +, and that which 
is typical by ” : 



C 
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Hydride of propyl C 3 H 8 . 


c JL c 

C TZH ZI IT) Cp CP C ■ T_T_Tj 

(P (P cp cl 1 1 i~n " " ~ 

nr 0 h 

H 

rropylic alcohol C 3 H*0. 
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Propyl-glycol C 3 H 8 0 2 
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Propionic acid P 3 F-T 8 0V 
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Ijactic acid C 3 H 6 O s . 



Malonic acid C 3 H 4 0 4 . 
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It will be seen that lactic acid should be monobasic though it 
is biatomio, while malonic acid is [bi atomic and bibasic. It will 
also be seen that, according as the group OH+ or the group OH“ 
is removed from lactic acid, neutral or acid monatomic residues will 
bo formed : 


0 0 

® ® cnzninn^ 

i-rcn o) ® ~ 


.a^a 


o' 


H 


Jp = (cw{ on_ ) 


Neutral monatomic residue of lactic acid. 



Add monatomic residue of lactic acid. 


The hypothesis of M. K6kul6 is verified in all the cases observed, 
with the exception of that of carbonic acid. 

Carbonic acid docs not exist, but bimetallic carbonates do; it is 
therefor© certain that if this acid could bo procured it would be bibasic. 


Besides, sulpho-carbonic acid 



is known, and it is bibasic, 


which comes to the same thing. Thus carbonic acid should be con- 
sidered as the first term of the series to which lactic acid belongs ; it 
appears, therefore, that it ought to bo only monobasic, like its homo- 
logues, because, like them, it contains only a single atom of oxygen 
of substitution. 

However, the anomaly of carbonic acid is easily explained, and does 
not affect the views of M. Kekul4. The hydride of methyl being 


n 


GH 4 = > » methylic alcohol will ho : 

t5 



and mcthylenic glycol will be, 


0 


__ offcKqflo 
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It is very evident that methyl-glycol containing only two atoms of 
non-typical hydrogen, cannot exchange H 4 for 0 s , but only H a for O. 
If we represent this substitution by a diagram, we shall have the figure : 



RsHHef 

• 

0 

.r ° i 

( 1 


ci a~T) (1 



C 


As is seen by theso figures, the molecule of methyl-glycol only con- 
tains two atoms of non-typical hydrogen ; the substitution of oxygen 
for these two atoms consequently furnishes a molecule of which the 
two atoms of typical hydrogen have each an atom of the oxygen of 
substitution near them, and are therefore basic. The same fact could 
not be produced with an alcohol, which would contain more than ono 
atom of carbon, and consequently more than two atoms of non- 
typical hydrogen. In this case ono of the groups OH would be 
separated from tho oxygen of substitution, and would therefore con- 
tain typical, not basic hydrogen. The following figures render this 
explanation easy to l>e understood : 


O 





II 


T)( D ® 


O 


IT 


(HI 4 ") 
H a f 


0* 


Ordinary glycol 


o 


c o H f 

: i i i ~ i xt— n l!J 
fij ® ® C i EZ3 ZD 




Glycolic acid. 


The group OH, which contains the hydrogen marked a, touches the 
atom of oxygen substituted, while the group OH, which contains the 
hydrogen /3 is very distant from it. 


AIiPEHYPB. 

Tho name of aldehyds is given to bodies which are intermediate 
between the alcohols whence they aro derived by elimination of 
hydrogen, and the aoids from which they differ by containing less 
oxygen. 

In orddr to understand the formation of tho aldehyds, it should bo 
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remembered that alcohols possess the property of losing hydrogen, for 
which an equivalent quantity of oxygen may be substituted. This 
substitution takes place in two distinct stages : first, the alcohol is 
dehydrogenized, then it becomes oxidized. The intermediate product 
which is dehydrogenized and not yet oxidized is an aldehyd. It will 
be seen from this that the monatomic alcohols which can only 
exchange H 8 for 0 once, should give rise to a single aldehyd, while to 
biatomic alcohols, which can undergo this substitution twioe, two 
aldehyds should correspond, and, generally, to alcohols of an atomicity 
equal to w, n aldehyds. 

The aldehyds derived from monatomic alcohols are the best known. 


ALDEHYDS DERIVED FROM MONATOMIC ALCOHOLS. 

These contain two atoms of hydrogen less than the alcohols, and an 
atom of oxygen less than the acids to which they correspond s 


(CTFPO) (C 2 H 4 0) 

Alcohol. Aldehyd. 


(CTFO) (C 7 irO) 

Benzyl-alcohol. Benzyl-uldehyd. 


(era 4 © 8 ) 

Acetic acid. 

(OTTO 2 ) 

Benzoic acid. 


P bep a ration. — First Process. — Aldehyds are prepared by the oxida- 
tion of alcohols ; hydrogen is separated in the state of water, and an 
aldehyd is formed : 


2(C*H B 0) + = 2(C s H w O) + 2(H 2 0) 

Amylic alcohol. Oxygen. Valeric aldehyd. Water. 

Second Process . — Aldehyds may also be produced by causing chlorine 
lo act on a diluted alcohol ; but as the same result does not take place 
with absolute alcohols, and as moreover this formation of aldehyd by 
chlorine is always accompanied by that of a certain quantity of acid, it 
must be admitted that chlorine, in this case, acts simply as an oxidizing 
agent. 

Third Process. — These bodies may be obtained by distilling an inti- 
mate mixture of formiate of calcium and a calcic salt of the acid corre- 
sponding to the aldehyd to be prepared : 

[(C 7 H 5 0 2 ) 2 Ca"J + L(CHO*)*Ca"J = 2 ( Ca''} ° 3 ) + 2 ( C7n “°) 

Benzoate of calcium. Calcic formiate. Calcic carbonate. Benzoic aldehyd. 

Fourth Process. — Hydride of copper is made to act on the chloride 
of an acid radicle : 

2(^}) + (Cu*H») = (Cu 2 Cl*) + 2(C 7 H*0) 

Chloride of benzoyl. Hydride of Protochloride Benzoic aldehyd. 

copper. of copper. 
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This process, the discovery of which is due to M. Chiozza, gives veiy 
little aldehyd, as the greater part of the hydride of copper is decom- 
posed without taking part in the reaction. 

Fifth Process. — M. Lippemann has prepared benzoic aldehyd by 
acting upon the chloride of benzoyl by nascent hydrogen, developed 
by causing diy gaseous hydrochloric acid to act on sodium amalgam. 

Sixth Process . — A cyanide of an acid radicle is prepared by causing 
the chloride of the same radicle to act on the cyanide of potassium, or 
what is better, on dry cyanide of silver. Nascent hydrogen, on reacting 
with this cyanide of an acid, furnishes hydrocyanic acid and an 
aldehyd : 

(CTPOC1) + (AgCy) = (AgCl) + (CTPOCy) 

Chloride of benzoyl. Cyanide of Chloride of Qyanidc of benzoyl, 

silver. silver. 

2(C , H'OCy) + = 2(=}) + 2(C’H«0) 

Qyanide of benzoyl. Hydrogen. Hydrocyanic Benzoic aldehyd 

acid. 

Seventh Process. — Besides those processes which are general, certain 
aldchyds may be prepared by the division of cci tain natural principles. 
Thus amygdalin, a glucoside contained in bitter almonds, can give rise 
to benzoic aldehyd on being saponified by dilute acids, or by emulsin, 
a ferment contained in the same almonds : 

(CPH^NO 11 ) + 2(H*0) = (C 7 H a O) + (CHN) + 2(C fi H 12 O fl ) 

Amygdalin. Water. Benzoic aldehyd. Hydrocyanic Glucose. 

acid. 

Eighth Process. — The essential oils contained in tho seeds of certain 
plants sometimes contain aldehyds ready formed. Thus the oil of 
cumin contains cuminic aldehyd (C 10 H 12 O). 

Ninth Process. — Tho dehydration of polyatomic alcohols may some- 
times give rise to aldehyds which correspond to monatomic alcohols : 
at least one case of this kind is known. Ordinary glycerine, distilled 
with anhydrous phosphoric acid, gives rise to acrylic aldehyd 
(acrolein) : 

(CTPO 3 ) = 2(H 2 0) -f (C 6 H 4 0) 

Glycerine. Water. Acrylic aldehyd. 

Properties. — Aldehyds, to whatever series they belong, possess 
common properties. But there are also properties which distinguish 
the different series.* We will first consider their common properties, 
then those which are distinctive. 

Properties common to all Aldehyds. — 1st. Under the slightest oxidizing 
influences, and sometimes even by simple exposure to the air, aldehyds 
can absorb an atom of oxygen and be transformed into monatomic 
acids : * 
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2 (C*H M 0) + = 2(CH“0*) 

Valeric aldehyd. Oxygen. Valeric add. 

This property makes them powerful reducing agents. 

2nd. Fused with potash the aldchyds are transformed into potassic 
salts of tho corresponding monatomic acids, with disengagement of 
hydrogen : 

(CTPO) + (5}o) = (C'^'KO*) + 

Cnminic aldehyd. Potash. Cuminnte of Hydrogen. 

potassium. 

3rd. Nascent hydrogen, obtained by tho action of water on sodium 
amalgam, combines directly with aldehyds and transforms them into 
corresponding alcohols. If tho aldehyd belong to a non-saturated 
series, the reaction is still tho same, but nascent hydrogen is then 
fixed by the alcohol formed, and a saturated alcohol of another series 
is obtained : 

(C*H 4 0) + h) = (C* 11 * 0 ) 

Acetic aldehyd. Hydrogen. Ordinary alcohol. 

(cfipo) + n} " ( CSH ‘ 0 ) + nf = ( C5IP °) 

Acrylic aldehyd. Hydrogen. Allyllc alcohol. Hydrogen. Propyl ic alcohol. 

Nascent hydrogen, obtained by zinc and sulphuric acid, docs not 
appear to unite with the aldehyds. 

4th. When the pentuchloride of phosphorus acts on an aldehyd, double 
decomposition takes place ; oxychloride of phosphorus is formed, and a 
compound which represents the aldehyd employed tho oxygen of 
which has been replaced by an equivalent quantity of chlorine : 

(OTTO) + (PCI 4 ) = (P01 s 0) + (C 2 IPC1 8 ) 

Aldehyd. Pcntachlorlde of Oxychloride of Chloride of ethy- 

phosphorus. phosphorus. lidene. 

The chlorinated bodies thus produced have the same composition as 
the dichlorhydric ethers of glycols and as tho monochlorinatcd hydro- 
chloric ethers of tho alcohols of tho same scries : 

(C*H 4 C1 2 ) (C 2 H 4 C1*) (C £ H 4 C1.C1) 

Chloride of cthy- Chloride of etby- Chlorinated chloride 

lidene. lene. * of ethyl. 

M. Beilstein had stated that the chlorides derived from aldehyds 
were identical with tho chlorinated hydrochloric ethers of alcohols of 
tho same series, basing this opinion on experiments ho had made in the 
acetic and benzoic series. Later, however, Friedel showed that such 
identity did not exist in the valeric series ; and still later I have 
demonstrated that— contrary to the views of M. Beilstein — it does not 
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exist in the benzoio series. If, therefore, ohlorinatod chloride of ethyl 
and chloride of ethylidene are identical, which is doubtful, it is an 
isolated fact which does not appear in the other series. The bodies of 
the three classes above mentioned should be considered as isomers. 

5th. Hydrosulphiiric acid exchanges its sulphur for the oxygen of 
aldehyds, and sulphuretted aldehyds are produced. Sometimes these 
bodies remain combined with an excess of hydrosulphuric acid, but on 
submitting these compounds to the action of sulphuric or hydrochloric 
acid, the sulphuretted aldchyd is isolated from tho sulphuretted 
hydrogen which is set free. This latter phenomenon is observed in 
tho case of acetic aldehyd : 

(CTO) + (g} S ) = (CT e S) + (IPO) 

Benzoic ald“hyd. Sulphuretted Sulphuretted Water, 

hydrogen. benzoic aldehyd. 

6th. When chlorine or bromino acts on an aldehyd, phenomena of 
substitution arise. Tho monoclilorinatcd or monobrominated product 
is identical with tho chloride or bromide of tho radiclo of tho acid 
corresponding to the aldehyd, and the ultimate products of substitution 
arc tho samo as tho products of substitution of theso same chlorides or 
bromides : 

H + Clf - (?l|) + (CTPO-Cl) 

Acetic uldchyd. Chlorine. Hydrochloric Chloride of acetyl. 

acid. 

(CTO) + 2 (clf) = 2 (S}) + (CTC10.C1) 

Acetic aldehyd. Clilorinc. Hydrochloric Chlorinated chloride 

ucid. of ucetyl. 

Wurtz lias shown that the tri chlorinated products of substitution of 
aldehyds are isomeric, and not identical, as has been hitherto admitted 
with tho bodies obtained by tho action of chlorine on absolute alcohols 
(chloral, chloramylal, etc.). 

7tli. All tho aldehyds enter into double decomposition with the acid 
sulphites of tho alkalies : 

(C*H 4 0) + (sof-) = ( S0 "jc^) + n}° 

Acetic aldehyd. Acid sulphite of sodium. Bisulphite of acetyl- Water. 

.sodium. 


The compounds thus formed are crystallized, and dissolvo in water. 
This reaction, discovered by Bertagninj, is utilized for the separation 
of aldehyds from bodies with which they are often mixed ; and moreover 
it is so general that it may bo used to find out whether a body is an 
aldehyd “or not. 
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8th. Aniline combines with aldehyde, eliminating water and giving 
diamines isomeric with those derived from glycol : 


/OTP) \ / C*H‘") \ 

2(COT0 > + .( h} k ) = + 

Acetic aldehyd. Aniline. Diphenyllc diethylldene- 

diamine. 


2 (ll 0 ) 

Water. 


Diphenylio ethylidene-diamineis isomeric with diphenylic ethylene- 
diamine. 

The reaction of aniline with the aldehyds is so general, according to 
M. Schiff, that it may be used quite as well as tho action of the acid 
sulphito of sodium, to determine whether a body acts as an aldehyd 
or not. 

Oth. Alkaline metals dissolve in aldehyds, disengaging a quantity of 
hydrogen equivalent to that of the metal dissolved : 


2(C*H 4 0) + = hi + 2 ( C ‘ H “ K0 ) 

Aldehyd. Potassium. Hydrogen. Potassic-aldehyd 

(acetylide of potassium). 

10th. The simultaneous action of water, hydrocyanic and hydro- 
chloric acids, on an aldehyd, gives rise to the formation of a mono- 
basic biatomic acid of a higher series, or to the formation of an amide of 
the same acid. In tho series of the fatty acids it is amides which are 
formed, while in the aromatic series, acids arise : 


(CTFO) + (CXH) + (IPO) = (C 8 H 7 NO* 

Acetic aldehyd. Hydrocyanic Water. Alanine (luctamldlc 

acid. add.) 

(C ? H«0) + (CNII) + 2(H 4 0) = (C*II 7 (NH*)0*) 

Benzoic aldehyd. Hydrocyanic Water. Formobenzoate of 

acid. ammonium. 


11th. Aldehyds are capahlo of uniting directly with anhydrous 
acetic acid, and probably with other anhydrides of monobasic acids. 
Similar compounds arc also obtained by submitting the chlorides 
derived from aldehyds by means of pentachlorido of phosphorus, to 
the action of acetate of silver : 

(CH-O) + (ggg}o) - (<OTo(g™}o)) 

Acetic aldehyd. Anhydrous acetic Diocetic aldehyd. 

fccid. 

(COTOP) + 2(°^}o) = 2(*ff) + (COTO^fo)) 

Chloro-bcnzoL Acetate of silver. Chloride of silver. Dlacetic benzoic aldehyd. 

These compounds are isomoric with tho diacetio ethers of ^glycols ; 
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they differ from them in that, under the influence of alkalies, they 
re-form an aldehyd instead of giving rise to a biatomic alcohol : 

(c^g^o)) + 2 (S}0) . 2 (<^0}o) 

Di&cetic benzoic aldehyd. Potash. Potasslc acetate. 

4- (n}°) + (C 7 h*o) 

Water. Benzoic aldehyd. 

«°-y + 2 (i}°) - *rs}°) + csw 

Diacetic glycol. Totash. Potasslc acetate. Glycol. 

Properties peculiar to particular Series . — Aldehyde are known which 
correspond to the fatty acids, and to the general formula C*n*"0 ; 
others which have the general formula C"II*"” y O, and which cor- 
respond to tho acids C"H* ,- *0 8 . There are also some known which 
have the general formulas C"TI ,M 0 and C"H*"~ in O ; the first of these cor- 
respond to the aromatic acids C n H 2 "~~ 8 0 2 , and the second to the acids 
C»H*»- 10 O a . 

The properties of the aldohyds of the first two series are similar, 
as are also those of the aldehyds of the last two series. 

Properties of the Aldehyds corresponding to the Formulae C"H 2 "0 and 
C«|p»-so. — i s t. When submitted to tlio influence of an alcoholic solu- 
tion of potash, these bodies become resinous. 

2nd. They combine directly with ammonia, producing crystallized 
compounds. These represent the aldehyd employed, one atom of 
hydrogen of which is replaced by ammonium : 

(f 8 H 4 0) + (NTT 3 ) = C a H 3 (NH 4 )0 

Acetic uldehyd. Ammonia. Aldehydate of ammonia 

(acctylidc of ammonium). 

Treated with acids, these compounds give an ammoniacal salt and the 
aldehyd. 

3rd. Nitric acid oxidizes them, but does not give products of nitrous 
substitution. 

4th. When they are dissolved in absolute alcohol, and a current of 
hydrochloric acid is transmitted through the mixture, this becomes 
heated, and a compound is produced which represents a direct combi- 
nation of the aldehyd with chloride of ethyl : 

(OTTO) + + g} - (OT*°(°!‘f)) 

Acetic aldehyd. Alcohol. Hydrochloric Etliyl-chlorhydrinofthe 

acid. aldehyd. 

+ (l}°) 


Water. 
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These ethyl-chlorhyd rins react with the ethylate of sodium, and the 
group (OTFO) is substituted for their chlorine. Products result which 
may be regarded as combinations of an aldehyd with oxide of ethyl. 
In the series of ordinary aldehyd, this combination has received the 
name of acetal : 

+ 02} o) - (a}) + [««<af} 0)] 

Ethyl-chlorhydrin of the Sodlc ethylate. Chlorido of Aoetal. 

aldehyd. sodium. 

Bodies analogous to acetal, when heated with acetic acid, furnish 
acetate of ethyl, and the aldehyd they contain becomes free : 

[^(SSi o)] + *CS} 0 ) ■ »(°SS}o) 

Acetal. Acetic acid. Acetate of ethyl. 

+ (C*ffO) + (g}o) 

Aldehyd. Water* 

5th. Acetal and analogous bodies are formed, but with difficulty, by 
the action of ethylate of sodium on chlorido of cthylideno, or on bodies 
of the same nature. 

Gtli. When loft alone, the aldehyds of this group have a groat ten- 
dency to become transformed into polymeric products. 

7th. Oxychloride of carbon transforms ordinary aldehyd into a non- 
oxygenized chloride, which is used, as has been already seen, in the 
synthesis of cinnamic acid. It is probable that the other aldehyds of 
the same group would give analogous products under the influence 
of tlio same reagent : 

(C*h 4 o) +• ( c £p() = (co*) + (cura) + (SJ) 

Aldehyd. Chloride of Carbonic Chloracetone. Hydrochloric 

carbonyl. anhydride. acid. 

8th. When an aldehyd of the series C H II* 1, ~ , 0 is strongly oxidized, 
besides the corresponding acid C*ll**-*0\ there is always produced a 
small quantity of a more saturated acid belonging to the series 
C"H a *O s . Thus, when acrolein (C 8 11 4 0) (acrylic aldehyd) is oxidized, 
there is formed, not only acrylic acid ((PIPO*), but also acetic acid 
(C 2 H 4 0»). 

9th. When heated with slaked lime, these aldehyds givo the calcic 
salt of the corresponding acid, along with the alcohol whence they are 
derived. In this case there are also formed secondary products, which 
have not been well studied : 

* This last reaction has not l>oen proved by experiment. We have admitted it from 

analogy with what takes place in the other series. 
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4 (O*H 10 O) + (fflo) = [ (CSH o2''}° 5 ] + 2(C t H M 0) 

ValeroL Hydrate of calcium. Valerate of calcium. Amy lie alcohol. 


Properties of the aldehyds having the general formulm and 

G*1I**- 10 0. — 1st. An alcoholic solution of potash does not cause theso 
aldehyds to become resinous, and acts on them as slaked lime acts on 
those of the preceding group, but with greater clearness : 


2(C T H‘0) + @}o) = ( C7 H k}°) + (C 7 H*0) 

Benzoic aldchyd. Potash. Putassic benzoate. Benzoic alcohol. 


2nd. Ammonia, instead of combining directly with thoso bodies, 
causes the elimination of water. The reaction takes place between 
three molecules of aldohyd and two of ammonia. The product formed 
is called hydramide : 


3 (C 7 H°0) + 

Benzole aldehyd. 



Ammonia. llydro-benzamide. Water. 


These hydramides, when boiled with dilute acids, become hydrated, 
and furnish an ammoniacal salt, while the aldehyd is re-formed. But if 
they bo heated with an alkaline solution, they arc transformed into an 
isomeric alkaloid which no longer reproduces the aldehyd in becoming 
hydrated. 

3rd. With these aldohyds monohydrated nitric acid gives products 
of nitrous substitution : 

(CTH-O) + ( N n}o) = (g}o) + (CTF(N0*)0) 

Benzoic aldehyd. Nitric acid. Water. Mononitrated benzoic 

aldehyd. 

4th. When loft to themselves these aldehyds do not become con- 
densed ; but it has been observed that benzoic aldehyd, mixed with 
hydrocyanic acid, is transformed, under the influenco of alcoholic 
solution of potash, into a crystallized product, benzoin, which is 
benzoic aldehyd doubled : 

2 (C 7 II fl O) = (C 14 H la 0 2 ) 

Benzoic aldehyd. Benzoin. 


Benzoin heated to redness returns to the state of benzoic aldehyd ; 
if it be submitted to oxidizing influences, it gives bcnzilic acid 
(Cjuppao*). 

Probably similar reactions might be obtained with the other alde- 
hyds of tho same group. 

5th. I have ascertained that the simultaneous action of hydrochloric 
aoid and absolute alcohol on benzoic aldehyd does not cause the for- 
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mation of an ethyl-chlorhydrin. It is true that by treating bichlori- 
nated toluene with alcoholic solution of potash, a compound is obtained 
which possesses the composition of benzoic ethyl-chlorhydrin : 

(CH-C1-) + (T}0) + (|}o) - (g}0) + (*,}) 

Bichlorinated Alcohol. Potash. Water. Chloride of 

toluene. potassium 

+ ra°) 

Oxide of ethyl and 
chlorobenzyl. 

But this body represents the mixed monochlorinated ethyl-ben zilic 
oxide, and is not analogous to tho ethyl-chlorhydrin obtained with 
acetic aldehyd ; in fact, it is not transformed by the ethylate of sodium 
into a product analogous to acetal ; the chlorine it contains is in the 
principal chain. 

6th. However, a body analogous to acetal is obtained in the benzoic 
series by submitting chloro-benzol to the action of ethylate of sodium : 

(OTTCl 1 ) + 2( C 3<>) . 2(^J}) + [PITO^jo)] 

Chloro-benzol. Ethylate of sodium. Sodic chloride. Benzoic acetal. 

7th. This acetal is transformed into benzoic aldehyd and acetate of 
ethyl, when heated to 100° with crystallizablo acetic acid, as is shown 
by M. Cannizzaro’s experiments. 

8th. Aldehyds of the series C"H 2 "“ 10 O give, on being oxidized, not 
only the corresponding acid C“H*"" 10 O 2 , but also a certain quantity of 
an acid of the series C"ll 8 “‘' 8 0 2 . Thus cinnamic aldehyd (C u II 8 0) gives 
not only cinnamic acid (C 9 II 8 0*), but also benzoic acid (C r H 8 0 4 ). 

9th. It is not known whether oxychloride of carbon reacts on the 
aldehyds of this group. 


RATIONAL FORMULAS AND CONSTITUTION OF THE 
ALDEHYDS. 

Aldehyds appear to have the same constitution as the acids which 
correspond to them, with the slight difference that tho hydroxyl of 
these latter is replaced in the aldehyds by hydrogen. Thus (KOII) 
being a monatomic acid, (RH) would be the corresponding aldehyd. 

By taking this view of the constitution of aldehyds, we are able to 
assign them formulas which account for their principal reactions, and 
explain in what they are distinguished from their numerous isomers. 

Without speaking of the isomerism of the aldehyds with acetone, 
which will be mentioned presently, every aldehyd is isomeric : 1st, 
with the anhydride of the glycol of the same series; 2nd, with the 
alcohol, either saturated or not, isologous with that whence the aldehyd 
is derived. 
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In order that this may be clearly understood, let us take acetic 
aldehyd (C*H 4 0) as example. This body is isomeric with oxide of 
ethylene and with acetylic alchol : 

(C*II 4 0) (OTTO) (C 2 II 4 0) 

Aldehyd. Oxide of ethylene. Acetylic alcohol. 

How can the difference which exists between these three bodies be 
accounted for, considering their composition ? 

Let us first consider the anhydride of glycol. This body is evidently 
derived from glycol 


C 

o| 


co a 


ID< 


H 

H 


P cr 


LZD 


O 


by elimination of H 2 0. Moreover, if we consider that oxide of ethylene 
does not contain any typical hydrogen, while glycol contains two atoms, 
wo shall be led to admit that the water eliminated contains these two 
atoms of typical hydrogen of the glycol, combined with ono of its two 
atoms of oxygen, and the molecule thus truncated must necessarily 
take the form : 


C JL 0*a 

cizzezjzzd cd gd a d 

PI (!) (DGZXZrzi) 

H 0 


It will be seen that in such a molecule, there would remain two affi- 
nities unsaturated, one at a and the other at (3. Now, as all incomplete 
molecules have always a great tendency to become saturated, it is very 
probable that these free affinities reciprocally saturate each other, and 
that according to M. K6kul£’s happy expression, the chain closes : this 
is what is indicated by the marks placed at a and /?. 

Aldehyd, instead of being derived from glycol by dehydration, is 
derived from alcohol by dehydrogenation, or from acetic acid by deox- 
idation. 

The molecule of alcohol being : 


o A 

c i i i -r i $ ® ID 
® ® ® C£ZJ__I D 

“a r 0 

how can the aldehyd be formed ? 
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A priori two hypotheses are possible : either without changing the 
system, the alcohol loses H* at a or j3; or two atoms of hydrogen being 
removed, the oxygen which was at first only united to the carbon by 
one of its atomicities, combines with it by both, and the last free 
atomicity of tlio carbon is saturated by hydrogen which was previously 
typical. 

The following figures explain the constitution of aldehyd according 
to oach of these hypotheses : 



CD (D 00 (TZIZZIIX) 

( irrr-T ) co euro 

C HO 


First hypothesis. 


Second hypothesis. 


In the first, one atom of hydrogen would bo united by means of tho 
oxygon, and the moleculo would not be saturated ; in the second, all 
the atoms of hydrogen would bo united directly to the carbon, and tho 
molecule would be saturated. 

If, therefore, the first hypothesis were true, tho action of pentachlorido 
of phosphorus should detach an atom of hydrogen from tho aldohyd ; 
if, on tho contrary, the second hypothesis were correct, this reagent 
should simply cause the substitution of Cl 2 for O, without any division 
in the molecule being produced. 

Experience having shown that tho second alternative is what occurs, 
the first hypothesis must bo rejected, and tho second alono remains 
probable. 

Tho same result is also arrived at when we examine in what way 
the aldehyds are derived from their respective acids. 

For instance, let it be acetic acid : 


• C 0 0 

c ■ i i i )CTZT)(1— n 
CD (|> d) C T~i i I ) (D 

'TT C h 


(PIFO.OH 


If this body be treated by pcntachloride of phosphorus, tho hydroxyl 
is detached and chlorine substituted; thus chloride of acetyl is 
obtained : 


C 0 Cl 
CCT-JTZT XIZjD ® 
G) CD 0) azx^rzx) 
c 


CWOCl 


Thus the chloride of acetyl when treated by nascent hydrogen ex- 
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changes its ohlorine for hydrogen and furnishes aldehyd,* the molecule 
of which should consequently have the following form : 

0 OH 

CT_'C_il_ , i XTZn (I) 

® ® ® ( T - , - j — n 

« - -■ n 


Guided by considerations of the atomic volumes — a subject which 
will be treated at the end of this work — M. Kopp oonsidei-s that 
the oxygen of aldehyd is oxygen of substitution, that is to say, the 
oxygen united to the carbon by its two centres of attraction. This 
supports our manner of regarding aldehyd. 

According to these views, the written formula of aldehyd would be 

cF 

• This formula clearly distinguishes it from its two isomers; it 

In 

shows that in aldehyd the oxygen is united to a single atom of carbon, 
while in oxide of ethylene, it must be admitted, as has just been 
seen, that it is united to two atoms of this metalloid ; and it also 
shows that aldehyd does not contain hydroxyl, while acetylic alcohol, 
in virtue of its being an alcohol, must necessarily contain one mole- 
cule. The molecules of aldehyd, oxide of ethylene and acetylic alcohol 
would, according to this, be composed in the manner represented 
in the following diagrams : 


0 0 II 

( i "■ ■ ■ YT — T (i) 

CD <D CD Cl I ~~| n 


11 


c 


II 


CTZ7Z7TZD CD ® 
0 CD CD ( T i i 


CTZTi ; 1 


:n 


ll 


0 


Aldehyd. 


Osiil»* of cMiyhw. 


c 

r f-ri 

(!) ® CT 

il 


H O 
T > ® CTZT) 
THEZO ® 
0 IT 


A cp ty lie alcohol. 


Lieben, who first proposed the formulae we have adopted to explain 
the isomerism of aldehyd and oxide of ethylene, has reviewed the 
different reactions of aldehyd, and has shown that they may be readily 


understood with the formula 


cF 

H : his work 

c lo 


being of great import- 


ance, we will adopt his view. 


* The experiment has not been tried in the acetic Berios, but it has succeeded in the 
benzoic, in which M. Lippemann has by this means transformed the chloride of benzoyl 
into oil of bitter almonds. 
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This formula aocounts for — 1st, tho reaction of the pentaohloride of 
phosphorus on aldehyd : 

(of) + < P01 ’> - (c{|) + <**» 

Aldoliyd. Pentachloride of Chloride of Oxychloride 

phosphorus. ethylidene. of phosphorus. 


2nd. For the action exercised by aldehyd on phonylamino, in which 
action the radicle ethylidene (C 2 T1 4 ") is substituted for H a : 



Aldehyd. Phony lamine. Diplienylic diethylidene Water. 

diamine. 


3rd. For the direct combination of aldehyd with anhydrous acids 
and for its indirect combination wilh others proper : 



Aldoliyd. Acetic anhydride. 



r H \ 


H 

cj 

H 

c 

1 II 

OC J FI s O 

Loctfo/ 


Acetal. 


In this reaction, the atom of oxygen which saturated two centres ot 
attraction of the carbon leaves one which unites with the typical oxygen 
of the acetic anhydride, and each of the two atoms of oxygon again 
unites with a molecule of acetyl by its centre of attraction left free. 
The isomerism of acetal and diacotic glycol is thus easily explained, as, 
in this latter body, the two atoms of oxacetyl are united to two different 
atoms of carbon, while in acetal they are united to one and the same 
atom of this metalloid, as the following formulae show: 



0C a Il 8 0 

H 2 

II 8 

0C 2 H 8 0 


Diacetic glycoL 



4th. For tho transformation of aldehyd into alcohol, by means of 
nascent hydrogen : * 
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Aldehyd. Hydrogen. AlcohoL 


Here, as in the preceding case, the atom of oxygen leaves one of the 
centres of attraction of the carbon; there results a free affinity of 
carbon and a free affinity of oxygen ; these are saturated by two atoms 
of hydrogen. 

5th. For the reaction of aldehyd with acid sulphites of the alkalies : 

(8g) + MBS*) -(?}») + (»fg{£)') 

Aldehyd. Add sulphite of sodium. Water. Add sulphite of acetyl-sodium. 

6th. For the transformation of aldehyd into acetic acid by direct 
oxidation : 



Aldehyd. Oxygen. Acetic acid. 


The reaction consists in the substitution of the halogen residue of 
water (OH) for hydrogen (IT). 

7th. For the transformation of aldehyd into acetate of potassium, 
with disengagement of hydrogen, when fused with potash : 



Alddiyd. Tohisli. Potussic acetate. Hydrogen. 


This reaction is only a double decomposition in which the residue 
OK of the potassic hydrate is substituted for the hydrogen of the 
aldehyd. 

8th. For the action exercised by hydrosulphuric acid on aldehyd : 

(8 |f) + (?}■) - (8 |f) + (§1°) 

Aldehyd. Hydrosulphuric Sulphide of Water, 

add. ethylidene. 

9th. For the' substitution of alkaline metals for the hydrogen of 
aldehyd : 



Aldehyd. Potassium. Potaaslc aldehyd Hydrogen. 

2x2 
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10th. Pot the reaction of oxychloride of carbon on aldehyd : 



Aldeliyd. Oxychloride of Carbonic Hydrochloric Ckloracetene. 

carbon. anhydride. acid. 


The ohloracetene produced is a non-saturated body ; its form is the 
same as that free ethylidene would have, if it existed. M. Lieben, 
considering that ethylidene represents methylene CH 2 , of which H is 
replaced by CH 8 , deduced from this resemblance an additional proof in 
favour of the formula ho adopted for aldehyd : he attributed the non- 
existence of free ethylidene to the same unknown cause which prevents 
methylene from existing. This reasoning is fallacious, because clilor- 
acotene exists, and has the same constitution as ethylidene ; unless, 
indeed, chlorine is trivalent in chloraceteno. 

However it may be with the argument taken by M. Lieben from the 
non-existence of ethylidene, nothing conclusive has been advanced 
against the formula proposed by him for aldehyd, which, as we have 
just seen, admirably accounts for everything we know concerning this 
body. 

Moreover, the formula of chloracetene itself 

on the action exercised by this body on potassic benzoate, in which 
cinnamic acid is formed. 

The analogies of cinnamic with acrylic acid, the constitution of 
which Mr. Frankland has recently established with so much clearness, 
prove that the first of those acids corresponds to the formula : 




Ethylcnc-benzoic acid. Toluene-acetic acid. 


Now, with the first of these formulas the synthetical production of 
cinnamic acid is well explained, on condition that the formula we pro- 
pose for chloracetene be also admitted. We have : 





l OH / 


Cinnamic icld. 


Potaasic benzoate. 


Clilonicetene. 


Chloride of 
pota8flium. 
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Enumeration of the known Aldehyde of this group. — We know : 


1st. In the series of fatty adds : 

Acetic aldehyd C*H 4 0 

Propionic aldehyd C 3 H 6 0 

Butyric aldehyd C 4 H 8 0 

Valeric aldehyd, or valeral C 6 IT 10 O 

Caproic aldehyd CTP’O 

CEnanthylic aldehyd, or conanthol (TH 14 0 

Caprylic aldehyd C 8 H 16 0 


which all correspond to the general formula 0"IF“0. 

Formic aldehyd CTFO does not exist, and as oil of rue C 10 H*°O 
does not enter into double decomposition with aniline, it may be 
questioned whether it is an aldehyd. 

2nd. In the scries of attylic alcohol and Us homologues : 

Only acrylic aldehyd, or acrolein C s II 4 0. 

As to the compound C*H H 0, whose existence Gerhardt thinks pro- 
bable in the oil of Roman camomile, and which ho regards as an- 
gelic aldehyd, if it does exist it is not an aldehyd, as it docs not 
combine with acid sulphites of the alkalies. 

3rd. In the series of benzoic acid and its homologues : 


Benzoic aldehyd, or oil of bitter almonds .... 0 7 J1°0 

Toluic aldehyd C 8 H 8 0 


Cuminic aldehyd (the oxygenized part of oil of 

cumin) C 10 JI la O 

Sycoccrylic aldehyd O^II^O 


which all correspond to the general formula C’TP* l ~ 8 0. 

4th. In the series of cinnamic acid : 

Cinnamic aldehyd, or oxygenized oil of cinnamon CTFO. 

The aldehyds of the series intermediate between that to which 
acrolein belongs and those in which the aromatic aldehyds are classed 
are not known. Laurel camphor C 10 H 18 O, it is true, has been con- 
sidered as the aldehyd of campholic alcohol C 10 II 18 O, but its properties 
remove it from the aldehyds : instead of disengaging hydrogen under 
the influence of potash at a red heat, and giving a salt of the corre- 
sponding acid, camphor unites diroctly with this alkali, producing a 
salt, the potaspic campholate, which does not belong to the same series 
as its generator. Moreover, camphor does not unite either with 
acid sulphites of the alkalies or with aniline. Finally, under the in- 
fluence of oxidizing agents, camphor absorbs not one, but three atoms 
of oxygen. 
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AIiDEHYDS DERIVED FROM BIATOMIC AIiCOHOLS. 

Theoretically, all biatomie alcohols should give rise to two aldehyds, 
one formed by the elimination of H*, and the other by the elimination 
of H 4 . In reality, very few of these bodies are known. 

Aldehyds derived from Glycols by elimination of H\ — Three 
bodies of this class are known. They are : salicylic aldehyd (C 7 H fl 0 8 ), 
anisic aldehyd (C 8 H 8 0*), and furfurol (C 5 H 4 0 2 ). 

Salicylic aldehyd is a product of the oxidation of saligenin C’TPO 1 , 
a body isomeric, but not identical with, benzoic glycol, still unknown. 

Furfurol is produced by a very complicated reaction, when bran, 
saw-dust, etc., are distilled with dilute sulphuric acid, or with a 
solution of chloride of zinc. 

Anisic aldehyd is formed in the oxidation of the oil of aniseed 
(C l0 II 12 O), according to the equation : 

(C“IT*0) + 3(°|) = (C'H*0*) + (0*11*0*) -I- (H*0) 

Oil of aniseed. Oxygen. Anisic uldeliyd. Oxalic acid. Water. 

These different aldehyds can each fix oxygen, and give rise to a 
biatomie and monobasic acid : 


2(c s n 4 0 4 ) 

+ 

ii 

GO 

2(C 5 H 4 0 S ) 

\ 

FurfuroL 


Oxygen. 

Fyromncic acid. 

2(C 7 IP0*) 

+ 

oc 

II 

2(C 7 IP0*) 

Salicylic aldehyd. 


Oxygen. 

Sulicylic odd. 

2(C“H 8 0*) 

+ 

II 

oo 

2(c 8 H 8 O s ) 

Anisic aldehyd. 


Oxygen. 

\ / 

Anisic acid. 

Two of these aldehyds, anisic and salicylic, can fix hydrogen and be 
converted, the first into anisic alcohol, the other into saligenin : 

^ C 7 H e 0 2 ^ 

Sulicylic aldehyd. 

+ 

5 ! - 

Hydrogen. 

Saligenin. 

(C 8 H 9 O i ) 

+ 

H 1 - 
H f - 

(O'H'W) 

Anisic aldehyd. 


Hydrogen. 

\ / 

Anisic alcohol. 

Furfurol has not yet been 

submitted to the action of nascent 


hydrogen, but M. Machuca and I have proved that, under the 
influence of an alcoholic solution of potash, it becomes* resinous, 
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instead of being transformed into a corresponding alcohol, as anisic 
aldehyd does. 

We have seen that anisio alcohol is monomethylic paraoxybenzoio 
glycol ; consequently, anisic aldehyd is the paraoxybenzoio aldehyd in 
which H is replaced by CH 3 . 

As to salicylic aldehyd, it is evidently isomeric with oxybenzoic 
and paraoxybenzoio aldehyd ; when oxidized, it gives salicylic acid 
which is not identical either with oxybenzoic or with paraoxybenzoio 
acid.. 

Furfurol, salicylic aldehyd, and anisic aldohyd, all combine with 
ammonia, after the manner of the aromatic aldehyde derived from mona- 
tomic alcohols, that is to say, three molecules of these bodies unite 
with two molecules of ammonia, eliminating three H 2 0 : 

3(C 5 H 4 0 8 ) + 2(NH 8 ) = (C lr, H 18 N a 0 8 ) -f 3(IFO) 

Furfural. Ammonia. Furfuramido. Water. 


The ammoniacal derivatives of anisic aldehyd and of furfurol may be 
converted into alkaloids, anisine and furfurine, which are isomeric 
with them. ‘Anisine is produced when tho ammoniacal derivative of 
anisic aldehyd is heated to 1G5°, and furfurino when furfuramide is sub- 
mitted to tho action of an alkaline solution. The ammoniacal deriva- 
tive of salicylic aldehyd in no case undergoes such a transformation. 

Salicylic aldehyd undergoes double decomposition with bases after 
the manner of acids, and gives salts called ealicylitcs : 


(craw) + (||o) 

Salicylic aldehyd. Potash. 


(CTPKO 2 ) + (”}0) 

Potassic salicylitc. Water. 


Anisic and salicylic aldeliyds enter into doublo decomposition with 
the acid sulphites of the alkalies and produce, like the aldeliyds of 
monatomic alcohols, crystallizablo compounds which represent the 
acid sulphites tho hydroxyl of which is replaced by the monatomic 

aldeliyds by the subtraction of II : 


| O) derivod from salicylic or anisic 



Salicylic aldehyd. 


+ ( so "{oh) - 

Acid sulphite of potassium. 

+ © 0 ) 

Water. 



Acid sulphite of saUcyl-potusKlum. 


The action of bisulphites on furfurol has not yet been tried. 

These; aldehyde may be re-formed from their sulphurous combina* 
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tions by heating these latter with water and an alkaline carbonate. 
One of them the anisic, has been reproduced by the dry distillation of 
an intimate mixture of anisate and formiate of lime. 

As to the constitution of these aldehyde, they should be considered 
as derived from the corresponding acids by the substitution of H 
for OH : 

( C7H S"} O’) - (OH) + H = (C‘M}) 

ShI icy lie acid. Hydroxyl. Hydrogen. Salicylic aldehyd. 

Aldehyde derived from Glycols by elimination of H 4 .— While the 
picceding aldehyde combine with O, furnishing biatomic and mono- 
basic acids, these uni to with O 2 and furnish biatomio and bibasic 
acids : 

M + 8} = (T} «•) 

2nd aldehyd Oxygen. Oxalic acid, 

of glycol. 

These aldehyds can combine with ammonia with elimination of 
water, and in this case a tertiary amide is produced : 

/C 2 H 2,V 1 \ 

i!(C a H a O*) 4 - 4(NH“) = 6(g}o) + 

2nd uldcliyd of Ammonia. Water. Glycusiiie. 

glycol. 

As yet, only a single aldehyd of this group is known, that of ordi- 
nary glycol, which is called glyoxal, and the formula of which is 
(C 2 H*0 2 ) ; and this has not been prepared from glycol, but from 
alcohol. It is only by examining its properties that its true nature 
has been established. 

With regard to their constitution, it is probable that the aldehyds of 
this group are derived from their respective acids, like the preceding 
ones, by the substitution of II for OH. But in their case, the substi- 
tution would take place twice instead of once : 

( | OIL / illy 

o §- - 2 (° H > + 211 - c £ 

Ion' \ In/ 

Oxalic acid Glyoxal. 
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ACETONES. 


Preparation. — First Process . — These bodies may be prepared by the 
dry distillation of the calcic salts of monatomic acids : 



Acetate of calcium. 


+ rs?}) 

Calcic carbonate. Acetone. 


Second Process . — According to MM. F»eund and Pebal, acetones 
may also 'be obtained by causing zinc-ethyl or zinc -methyl to act on 
the chlorides of acid radicles : 

ms?) + *rsi) - »(°s}) + m© 

Zinc-methyl. Chloride of acctyL Acetone. Chloride of zinc. 


Third Process. — M. Friedel has recently succeeded in preparing aco- 
tone by causing chloracetcne to react with methylate of sodium : 

(°{£0 + (8 { 5 ) - ( of }) + ( 8 { j ») 

Methylate of Chloracetene. Chloride of Acetone, 

sodium. sodium. 

On substituting the formula) of the homologucs of the acetate of cal- 
cium for that of this acetate, in the equation given to explain the for- 
mation of acetone, it will be found that 


tho acids give the acetones 

C 2 1I 4 0“ C a H°0 

C 3 il°0 2 0 4 H ,B 0 

C 4 H H O a C 7 I1 14 0 

C s H ,0 O* C D ll ,B 0 


It will be seen from this that two consecutive acetones differ, not 
by (Oil 2 ), like two adjoining terms of a homologous series, but by 
2(0H a ). There ought therefore to exist an intermediate acetone 
between each two consecutive acetones: thus, between the acetone 
((FIFO) and propionic acetone (C a H l0 O) there should exist another, 
answering to the formula (C 4 H 8 0) ; such bodies are called mixed ace- 
tones. They are obtained by distilling an intimate mixture of the 
calcic salts of two consecutive acids : 


,,jO(GOCIF) x 
[y d lO(COCEP)/ 

Acetate of calcium. 


+ 



COO‘H‘)\ 

OOC*H*)/ 


Propionate of calcium. 



Carbotiuto of calcium. 


+ 2(C < H"0) 

Aceto-propylic acetone. 
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Similar acetones may also be prepared by MM. Freund and 
Pebal’s process : 


«r§}) + - M© + *(83?}) 

Chloride of acetyl. Zinc-ethyl. Chloride of sine. A ceto-propylic acetone. 


Probably they could also bo obtained by Friedel’s process, if chlor- 
acetene wore made to act, not on the methylate, but on the ethylate or 
amylate of sodium : 



(C 4 H 0 O) + (*§[}) 


Sodic ethylate. Chloracetene. 


AcetO'prupylic acetone. 


Chloride 
of sodium. 


Properties. — Though a certain number of acetones are known, yet 
only the properties of acetone proper have been much studied. We will 
therefore speak of these; probably they also appertain to tho other 
bodies of tho same class. 

1st. Oxidizing agents do not fix oxygen on acetone ; which property 
clearly distinguishes it from the aldohyds. 

2nd. Nascent hydrogen transforms acetone into a compound which 
contains two additional atoms of hydrogen : 


(CTPO) + IP = (C 3 II 8 0) 

Acetone. IIydrt>gcn. Isopropylic 

alcohol. 


This new body is not, however, identical with the alcohol possessing 
the same composition. In reality, the alcohols give aldehyds on 
oxidation, while the body in question reproduces tho original acetone. 

We have already seen, when speaking of alcohols, that isopropylic 
alcohol is a secondary alcohol, that is to say, an alcohol formed by 
an atom of carbon, one atomicity of which being united to an hy- 
droxyl and anol her to hydrogen, the two remaining are joined to the 
other carbons, as the following equation shows : 



Acetone. Hydrogen. Isopropylic 

alcohol. 


At the same time as the acetone fixes hydrogen, a portion of it is 
doubled, also being hydrogenized, and is transformed into a compound 
which perhaps acts as a biatomio alcohol, piuakone : 

2(0*11*0) -f- IF (CTT'O') 

Acetone. Hydrogen. I'inakoue. 
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3rd. Under the simultaneous action of hydrocyanic acid, water, and 
hydrochloric acid, aoetone is transformed into an acid which is isomeric 
or identical with oxybutyric acid : 

(0*H*0) + (CNH) + 2(H a O) + (HC1) = (CW) -f (NH 4 C1) 

Aoetone. Hydrocyanic Water. Hydrochloric Acetonic Chloride of 

acid. acid. acid. ammonium. 


4th. Heated to 100° with ammonia, acetone combines with this body, 
water being eliminated, and a base is produced, acetonine, which is to 
acetone what amarine (an isomer of hydrobenzamide) is to benzoic 
aldehyd ; 


3(C 8 H fl O) + 2(NH 8 ) 

Acetone. Ammonia. 



3(11*0) 

Water. 


5th. Aniline does not combine with acotone, a property distinguish- 
ing this body from the aldchyds. 

6th. The acid sulphite of sodium acts with acetone as with the 
aldehyds : crystallizablo compounds, soluble in water, are produced : 


(CITO) + (S0”j°=) . (S0”{™>) + (2}o) 

Acotone. Acid sulphite of sodium. Acid sulphite containing Water. 

the elements of acetone. 


These compounds, treated by alkalios, give a neutral sulphite and the 
acetone again becomes free : 

( so "|S-L‘°) + (n“}°) - C 80 "®) + C 0 ™) 

Acid sulphite containing Soda. Neutral sulphite of Acetone, 

the elements of acetone. stKlium. 

7th. Dehydrating agents cause acetone to lose a molecule of water. 
The carbide of hydrogen (C 8 H 4 ) ought to be thereby produced, but it 
is a polymer of this hydrocarbide, mositylene (C 9 H 12 ) = 3(C 3 H 4 ), which 
is really obtained. 

8th. Chlorine and bromine give substitution-products with acetone. 

9th. The pentacliloride of phosphorus yields two atoms of chlorine to 
acetone in exchange for its atom of oxygen. A chlorinated body is 
thereby produced which corresponds to the formula (C 8 H fl Cl 2 ) : 

+ (PCI 5 ) = (PC1 8 0) + (C 3 ITC1 2 ) 

Acetone. Pcntachloride Oxychloride Chloride derived 

of phosphorus. of phosphorus. from ucetonc. 

This chloride is isomeric with the chloride of propylene, from which 
it differs by its boiling point ; but treated by an alcoholic solution of 
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potash, it gives rise to chlorinated propylene perfectly identical with 
that derived from propylene : 

(CWC1-) + (I jo) - gij + (I jo) + (Cuta) 

Chloride derived Potash. Chloride Water. Chlorinated 

from acetone. of potassium. propylene. 

When hydrochloric acid acts on acetone, a body is produced which 
also corresponds to the formula (C 8 H ft Cl). This is called chloride of 
mesityl, and appears to be a simple isomer of the preceding : when 
treated with an alcoholic solution of potash, it is transformed into oxide 
of mesityl (C®Il I 0 O) : 

2(C*H*C1) + 4 } 0) . 2$}) + (ggljo) + (gjo) 

Chloride of mesityl. Potash. Chloride of Oxide of mesityl. Water. 

potassium. 


M. Friedel’s chloride in this case loses (HC1) and gives allylene : 
(C S H 6 C1) = (1IC1) + (C*H 4 ) 

Chlorinated Hydrochloric Allylene. 

propylene. acid. 


10. When acetone in vapour is transmitted over potassium, there is 
formed, according^*) the temperature, cit her carbonate of potassium and 
marsh gas, or acetate and formiate of potassium, with hydrogen : 


(0°"jcl») + 2 (KO.H) = (cO"|°f) + 2(CH 4 ) 


Acetone. 


Potash. 


Potassic carhonata. 


Hydride of 
methyl (marsh gas). 


(OTTO) + 2^}o) + (jjjo) = ( OT ?}0) 


Acetone. 


Potash. 


Water. 


Potassic acetate. 


+ nio) 

Potassic formlaLo. 


3 (n}) 

Hydrogen. 


Constitution. — Acetones are isomeric with the aldchyds of a higher 
series than their own, and with certain alcohols. Ordinary acetone 
(C s H c O) has the same composition as propionic aldohyd and allylic 
alcohol, but its mode of formation well explains its isomerism with these 
bodies. In reality the acetones are only aldehyds less carburetted than 
those of which they are isomers, and in which the atom of hydrogen 
which was in juxtaposition to oxygen has been replaced by an alcohol 
radicle : 
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Ordinary acetone. 
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C 


c no 
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H 


c 


Propylic uldehyd (isomeric with acetone). 


The synthetical process of preparation discovered by MM. Freund 
and Pebal leads us to suppose that there aro numerous cases of isomerism 
among the acetones ; it is not probable that the body obtained by the 
action of chloride of acetyl on zinc-ethyl is identical with that arising 
from the action of chloride of propyl on zinc-methyl. 


CYANOGEN COMPOUNDS. 


Nitrogen, being generally trivalent though it is pentatomic, and 
carbon being tetratomic, the three units of atomicity which act in an 
atom of nitrogen may saturate three of the units of an atom of carbon, 
the fourth remaining free ; therefore the radiclo CN is triatomic and 
monovalent, as the following figure shows : 

C 

crzrrrzL) ^ 

. ( i~~i — i — r~ ~n 

N 


This radiclo is named cyanogen, and may bo regarded as a com- 
pound radiclo to be classed by the sido of the halogen metalloids 
(chlorine, bromino, iodine, and fluorine). Its compounds aro very 
important, and to render their formulas less complicated, it is repre- 
sented by the symbol Cy = CN. 

Free cyanogen, like chlorine, bromine, and iodine, has a double 


molecule corresponding to tho formula 



if, 


in this molecule, an 


atom of hydrogen or an atom of a metal be substituted for a group 
CN, hydrocyanic acid }) or a me ^^° oyanide obtained. 

If the cyanogen be replaced by chlorine, bromine, or iodine, the 
chloride, bromide, or iodide of cyanogen is produced : 
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Cyanogen may also be substituted for a part or the whole of the 
hydrogen contained in water and its congeners, hydrosulphuric, 
hydroselenic, and hydrotelluric acids ; thence we have cyanio acid 

| c y anic an hydride 0^*, hydrosulpho-cyanic, or better, 
Bulphocyanio acid J* S^, sulphocyanio anhydrosulphide j S^*, 
hydroselenio-cyanic, or selenio-cyanic acid | Se selcnio-cyanic 
anhydroselenide jSe^ ; and finally, tellurocyanic acid (^j |TeJ\ 

and tellurocyanic anhydrotclluride |Te^*. 

Those of the above compounds which are marked with an asterisk 
are unknown. 

Sulphuretted, oxygenized, etc., compounds of cyanogen, corre- 
sponding to oxygenized water ^ | O 2 ^, may also possibly exist. 


It is thus that the constitution of persulpliohydrocyanic acid 
(Cy 2 H z S 3 ) and persulphocyanogen (Cy^HS 3 ) may be accounted for. 
The first of these bodies may be regarded as a combination of hydro- 
sulphuric acid and bisulphide of cyanogen, and the second as resulting 
from the substitution of Cy for H in the first. 


Pcrsulphohydrocyanic acid .... (^js 2 , n}®) 

rersulphocyanogen (cy| S *’ ® ) 


Cyanogen may also be substituted for a part or the whole of the 
hydrogen of ammonia. The compounds thus formed are : 


• Oyanamide, 


Dicyanamide 


and tricyanamide 



It may also replace either the hydrogen or the hydroxyl in poly- 
atomic alcohols, and give rise to cyanhydrins which are perfectly 
analogous to the chlorhydrins and bromhydrins. 


Thus to glycol (C a H*"i 


0H\ 

| OH/ ^ ere corr ospond: the cyanhydrin 


and dicyanhydrin or cyanide of othylene ^C 2 H 4M |^^. 



CYANOGEN COMPOUNDS. 


687 


But the history of cyanogen compounds does not stop here. They 
possess the singular property of giving rise to a great number of 
polymers. To free cyanogen there corresponds a black body, para- 
cyanogen, whose degree of condensation is not known, but which is a 

polymer of cyanogen No polymor of hydrocyanic acid is known, 

but the cyanides possess the property of giving rise to double cyanides. 
Among these bodies there aro some which aro similar to double chlorides, 
but there are others differing in character from these salts, and which 
appear to result, not from the juxtaposition of two molecules, but from 

a true atomic combination constituting condensed cyanides ^ M |. 

Thus a solid chloride (0y 8 Cl a ) whose condensation is triple, corre- 
sponds to the liquid chloride (OvOl), of which latter a gaseous modifi- 
cation appears also to exist at the ordinary temperature. Condensed 
bromides and iodides of cyanogen are not as yet known, but to cyanic 

acid 0^ there correspond dicyanic acid 1 0*^ and tricyanic 

or cyanuric acid | O 3 ^. Besides these, there exists a body called 

cyamelid, which is also a polymer of cyanic acid, but whoso degree of 
condensation is unknown. 

To cyanamide there corresponds a polymer, melamine and its 
fNH*\ 


K 


isomer, melam, I Cy a < NIT* | ; this triamide may be converted, by means 
[NH7 

of the alkalies, into cyanuric acid and ammonia, 3(0TI) being substi- 
tuted for 3(NH 2 ) ; but this substitution may take place partially : thence 


(NIFV 

ammeline ( Cy B < N II* l, ammelid and 

(oh; 


Ms}- 

place of the gre 


Msf) - 


iulpho-mellonic acid 


also be produced by introducing the group SH in 
group OH; and, lastly, (NH 2 ) may be replaced by Cl, 


(cvInhA 


chloro-cyanamide I C 

\ [ 

To dicyanamidc ^ ^ j- N ^ 


being obtained by this substitution. 


there 



and cyameluiic acid, I (Cy*) 3< 


correspond hydromcllon 

(Nnn / |N" 


OH 


OH/ 


according as the formula (C fl IFN 7 0 8 ) given by Liebig, or that proposed 
by Gerhardt (G 6 H 4 N 8 0 8 ) for this body, be adopted. 

Tricyanamide is unknown. 

The triatomicity of cyanogen has been proved by the experiments of 
M. Gauthier, as also by those of M. Gal. These chemists have each 
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shown that the greater part of cyanogen compounds, hydrocyanic acid, 
hydrocyanic and cyanic ethers, can fix HC1, HBr, or HI in the same 
way as ammonia, and give orystallizablo compounds. 

Free Cyanogen. —This body may be obtained by the dehydration of 
oxamide : 

( C ‘°h"}n‘) = 2 ( H '°) + (°‘ Na ) - on} = Cy} 

V y ' 

Oxamide. Water. Free cyanogen. 


It is usually prepared by the dry distillation of mercuric cyanide : 



Mercuric 

cyanide. 



Mercury. Qyanogen. 


In this operation a black residuo is always formed, which has the 
same composition as cyanogen, and which is entirely converted into 

this body, whon heated in an inert gas; it is paracyanogen Qyi.|- 

Cyanogcn is gaseous at the ordinary temperature; it liquefies 
between —25° and — 30°; below —34° it is solid. It is slightly 
soluble in water, and more so in alcohol. Heated with an alkaline 
metal, it gives a metallic cyanide : 



(■yan«*gon. Potassium. Cyanide of 

potassium. 


In presence of caustic potash, it gives rise to a mixture of cyanide 
and cyanate, in the same way as chlorine gives a mintnre of chlo- 
ride and hypochlorite : 

Cy} + 2 (h}°) = Cy} + Ck}°) + (5f °) 

Cyanogen. Potash. Cyanide of Cyanate of WuW. 

IKitossium. potassium. 

Cyanogen unites directly with several organic alkalies, furnishing 
new alkaloids. Oxalic acid is always obtained among the products of 
the decomposition of these cyanogenized alkalies, which can be readily 
understood, as cyanogen represents the oxalate of ammonium, less 
water. 

It can also unite directly with one or with two molecules of hydro- 
sulphuric acid, giving the compounds ^|, ^}s)or S*). 

Hydrocyanic Add. — The best method of obtaining pure hydro- 
cyanic acid consists in transmitting a current of perfectly dry sulphu- 
retted hydrogen gas through a tube full of dry cyanide of mercury 



HYDROCYANIC ACID. 669 

heated in a sand-bath. The acid disengaged is collected in a cold 
receiver : 

+ (h} S ) = CHS" 8 ) + 2 (c y f) 

Mercuric Hydrosulphuric Mercuric Hydrocyanic 

cyanide. acid. sulphide. acid. 

As the decomposition of the mercuric oyanide takes place, the 
contents of the tube become black. In order that the acid obtained bo 
pure, the operation should be arrested whilo there still remains some 
cyanide undecomposed, that is to say white, in the anterior part of 
the tube ; without this precaution, a little hydrosulphuric acid might 
be dissolved in the hydrocyanic acid. 

Hydrocyanic, called also Prussic acid, is the strongest poison known ; 
ono drop is sufficient to kill a dog, and its effects are instantaneous. 

Hydrocyanic acid boils at 26° * 5 ; it congeals in the freezing mixture 
formed by ice and sea salt; its density at 18° is '6967. It is very 
difficult to preserve the anhydrous acid, especially in the light, but if 
it be diluted with water, and especially if mixed with mineral acids, 
it keeps much better. Its spontaneous decomposition appears to be 
owing to some impurities, for when absolutely pure, it may be pre- 
served. The products of its decomposition have not been much 
studied. 

In presence of potash and a ferrous salt mixed with a certain 
quantity of ferric salt, hydrocyanic acid gives a blue precipitate which 
generally remains mixed with the mixed hydrates of iron precipitated at 
the same time ; but if hydrochloric acid be added, the hydrates of iron 
are dissolved and a very pure blue precipitate remains, which shows 
the presence of Prussic acid. 

Under the influence of hydrating agents such as potash, sulphuric, 
or dilute hydrochloric acid, hydrocyanic acid absorbs water and 
formiate of ammonium is obtained, or rather the products of the 
decomposition of this salt by the roagent employed : 

' Q) + 2(H*0) . (™°}0) 

Hydrocyanic Water. Formiate of 

add. ammonium. 


M. Gauthier has observed that hydrocyanic acid combines directly 
with hydriodic and with hydrochloric acids,* giving the crystallizablo 
compounds (CNH.HI) and (CNH.HC1). These combinations are 
readily explained. Hydrocyanic acid being, according to our hypo- 
thesis, 

0 


amm) 
® crziZXZ 
H N 


ZD 


* This Iiub not been pu blish ed, but M. Gauthier has communicated it to me 
privately. * 
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its hydrochlorato is 

C H Cl 
CTZTIXTD ® (D 

® u~r i jr np 

H N 

Metallic Cyanides. — Hydrocyanic acid may exchange its hydrogen 
for a metal, and give rise to cyanides which contain as many atoms of 
the radicle cyanogen as are equal to the number which expresses the 
value of substitution of the metal in the compound formed. 

Metallic cyanides unite among themselves to form double cyanides. 
These are often true double cyanides, in which the two constituent 
metals may be detected by means of appropriate reagents ; such are 
the double cyanides of potassium and cadmium, of potassium and 
silver, etc. 

Sometimes they are compounds in which one of the metals cannot 
be detected by its ordinary tests unless the molecule bo decomposed. 
In this latter case it is supposed that one of the metals is joined with 
cyanogen to constitute a compound radicle with which the other metal 
is united. Such bodies are designated by a name which, while indi- 
cating their composition, prevents their being considered as double 
cyanides. Thus we say : cuprocyanido of potassium, ferrocyanide of 
sodium, platinocyanide of ammonium. 

The principal compounds of this order are the ferricyanidos, the 
ferrocyanides, cobalticyanides, nickelocyanidos, cuprocyanides, and 
platinocyaiiides. The most important are the ferrocyanides and the 
ferricyanides. 

Ferrocyanides. — When a ferric salt is precipitated by an excess 
of alkaline cyanide, a precipitate is formed which redissolves. On 
evaporation, the liquid deposits beautiful yellow crystals of a compound 
called ferrocyanido of potassium, cyanoferride of potassium, yellow 
prussiate of potash, etc. These crystals correspond to the formula 
(Fe"Cy 2 ,4KCy+6aq.). However, this formula, in which the salt is 
considered as a double cyanide, is objectionable, and the formula 
((FeCy 6 ) ,v K 4 -J-Gaq.), in which potassium is considered as united to the 
tetratomic radicle (FeCy 0 ), should be substituted for it. 

The ferrocyanide of potassium is neutral ; it is not poisonous and is 
readily soluble in water ; its solution is precipitated by most metallic 
solutions, compounds being thereby formed which are derived from the 
potassic ferrocyanide by the substitution of another metal for the 
potassium : 

((FeCy*)"K 4 ) + 2 °* J ■ ((FeCy*)"Pb‘) 

Potassic ferrocyanido. Neutral nitrate of lead. Ferrocyanido of lead. 

+ 

Nitrate of potassium. 
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Treated with hydrochloric acid, yellow prussiate of potash exchanges 
its potassium for hydrogen, and white crystalline scales of liydroferro- 
cyanic acid ((FeCy°) ,v II 4 ) are obtained. 

If a solution of ferrocj'anide of potassium or hydroferrocyanic acid 
be added to a solution of a ferric salt, a blue precipitate (Prussian 
blue) is formed. In order to understand the constitution of such a 
body, we should consider that ferric salts contain a double atom of 
iron, Fe 1 , acting as a hexatomic radicle. As this double atom cannot be 
substituted for less than six atoms of potassium, and as potassic ferro- 
cyanide only contains four, the reaction takes place between three 
molecules of ferrocyanide and two of the ferric salt : 

+ *[<kH - •(*?}«■) 

Potussic ferrocyanide. Ferric sulphate. Potassic sulphate. 

+ [(FeCy*)*(Fo*)*] 

Ferric ferrocyanide 
(Prussian blue). 

When the ferric salt is replaced in this process by a ferrous salt, the 
reaction takes place between one molecule of ferrocyanide and two of 
tho ferrous salt, and a ferrous ferrocyanide is formed : 

|(FeCyTK*] + 2(®^"}o») = 2( S °£) O*) + [(FeCy«)'W' J ] 

Potassic ferrocyanide. Ferrous Bulphatc. Potassic sulphate. Ferrous ferrocyanide. 

On contact with air, ferrous ferrocyanide is transformed into a mix- 
ture of Prussian blue and sesquioxide of iron : 

elXFeCyT’Fe*] + 3^) - 2[(FeCy*) 3 (Fe !! ) , ] + 2(Fo*O s ) 

Fcitoub ferrocyanide. Oxygen. Ferric ferrocyanide Sesquioxide 

* (Prussian blue). of iron. 

In manufactures, Prussian blue is always prepared in this manner. 
Therefore, when it is wished to procure this body in a pure state 
from the Prussian blue of commerce, this latter should bo powdered 
and treated with hydrochloric acid, in order to dissolve the feme oxide 
it contains. 

Ferricyanides. — By tho action of a current of chlorine on a 
solution of potassic ferrocyanide, chloride of potassium is produced 
and a new body of a red colour which is separated from tho potassic 
chloride by repeated crystallizations. This new body is called red 
prussiate of* potash, ferricyanide of potassium, cyanoferride of potas- 
sium, etc. ; its foimula, regarding it as a double cyanide, would be 
[(Fe 2 Cy 8 ),6KCy] ; but it should be written [(Fe*Cy 12 ) v, K 6 ], and be 
regarded as resulting from the union of potassium with the hexatomic 
radicle ferricyanogen (Fe 2 Cy l2 ) vs . The reaction which gives rise to 
this salt is expressed by the following equation : 


2 y 2 
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2[(FeCy*) IT K 4 ] + g} - 2(g})‘ + [(Fe*Cy M ) T, K*] 

Potassic ferrocyanlde. Chlorine. Chloride of Ferrioyanide of potassium. 

potassium. 


It will be seen that in this reaction two molecules of a tetratomic 
ferrocyanogen radicle have united, exchanging two atomicities, and 
have produced the hexatomic group (Fe 2 Cy 18 ) = 2(FeCy 8 ). 

Potassio forricyanide exchanges its potassium for other metals by 
double decomposition. If iron be thus substituted, a blue insoluble 
body is obtained, having for formula [(Fe^y^Fe 8 ], and called Turn- 
bull's blue. This blue precipitate, which is formed when a ferrous 
salt is precipitated by potassic ferrioyanide, should not be confounded 
with Prussian blue, which is formed by the reaction of the ferrocyanide 
of potassium on ferric salts, and whose constitution we have previously 
indicated. 

Soluble ferricyanidcs do not give any precipitate with ferric salts. 

Decomposed by sulphuric acid, the ferricyanide of lead is transformed 
into sulphate of lead and hydroforri cyanic acid [(Fe 2 Cy , “) vl H fl ], which 
latter crystallizes in brownish deliquescent needles. 

The iron contained in those different compounds cannot be detected 
by its usual tests ; moreover, they enter into double decomposition 
with metallic salts, exchanging their metal for hydrogen; they are 
neutral, and are not poisonous. 

True double cyanides, on the contrary, never have hydrogen sub- 
stituted for a metal ; they are alkaline, poisonous, and the two metals 
they contain can always be detected. These differences clearly establish 
that the salts we have just described cannot bo regarded as double 
cyanides. 

Cobalt forms compounds, cobalticyanides, which correspond to the 
ferricyanides ; such is the cobalticyanide of potassium [(CuK5y ,B ) I? K^|. 
Chromium and manganese give analogous compounds. Nickel, on the 
contrary, forms compounds which correspond to the ferrocyanidcs ; 
such is the nickelocyanide of potassium [(NiCy 6 ) 1 *!! 4 1. Zinc, cadmium, 
magnesium, etc., do not foim any combination of this description; 
which fact leads us to class nickel with iron and cobalt, and not in the 
magnesian scries. 

Platinum gives two orders of cyanogen compounds : platinocyianides 
[(PtCy 4 )M /2 ] and pi atino-sesquicy anides [(Ft a Cy l0 )M' 4 ]. 

Cuprocyanides |(CuCy 4 )M' 1 ], etc., are furnished by copper. 

Hydrocyanic EtherB. — When an alcoholic solution of potassic 
cyanide is acted upon by the hydrochloric or hydrobromio ether of an 
alcohol, chloride of potassium and a hydroc} ? anic ether arc produced : 



, K ) 

K1 


V Cifj 

+ Cyf 

Clf + 

V Cyfj 

Chloride of 

Cyanide of 

Chloride of 

Cyanide of ethyl. 

ethyl. 

potassium. 

potassium. 
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This process is general ; it succeeds, whatever may bo the atomicity 
of the alcohol whose hydrocyanic ether is to be prepared, and with 
polyatomic alcohols, whatever may be the degree of etherification to 
be obtained. By it the hydrocyanic ethers of glycol can be as easily 
prepared as those of alcohol, and, with the first of these bodies, mono- 
cyanhydrin may be as readily obtained as dicyanhydrin. 

In order to prepare the hydrocyanic ethers of monatomic alcohols, 
the alkaline salts of their acid ethers are distilled with cyanide of 
potassium : 

(tH + - (ZD + cm 

Ethyl-sulphate Cyanide of Cyanide of Potassic sulphate. 

of potassium. i>otassiuin. ethyl. 

The hydrocyanic ethers of monatomic alcohols, submitted to the 
influence of hydrating agents, such as a boiling alcoholic solution of 
potash, absorb two molecules of water and are thereby transformed into 
ammoniaeal salts of acids belonging to series higher by ono degree 
than those to which these ethers belonged; or, rather, the potassic salts 
of these acids are obtained, ammonia being disongaged : 

cs}) + (si°) +(“(°) - c» + (S») 

Cyanide of Potash. Wutor. Propionate of Ammonia. 

ethyl. potassium. 

The hydrocyanic ethers of polyatomic alcohols undergo a similar trans- 
forcnation. They absorb 2 (IPO) ibr each atom of cyanogen radicle they 
contain. The acids produced belong to series which differ from those 
to which the others employed belong by as many molecules of CIP as 
there are molecules of the cyanogon radicle contained in these ethers : 



+ (h}°) 

ii 

/ o' s 

+ 

(ow'Iowk) 

Cyanhydrin of 
glycoL 

Potash. 

Water. 

Lactate of potassium. 


+ 

(NH-) 




Ammonia. 


(ow© 

+ 2 (h|°) 

+ 

to 

aw 

ii 

(«-{8© 

Cyanide of ethylene. 

Potash. 

Water. 

Succinate of potassium 


+ 

2 IH 




Ammonia. 



We have already seen (see Nitryles) that in the aromatic series the 
acids obtained by these processes are not the true homologues of those 
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derived by oxidation from the alcohols whose ethers have been em- 
ployed, and that these latter acids probably correspond to the cyanides 
of the radicles of phenols. We have also seen that the nitryles, that 
is to say the hydrocyanic ethers of monatomic phenols or alcohols, fix 
H 4 under the influence of nascent hydrogen, and give compound am- 
monias belonging to a series one term higher than that of the alcohol 
or phenol whose radicle they contain. 

M. Gauthier has found that the hydrocyanic ethers combine directly 
with the hydracids of chlorine, bromine, iodine, and sulphur, and even 
with chloride of boron, forming crystallizable bodies : (C 2 II 5 ,CN.HC1) ; 
(CTFjCN.ffS), etc. The formation of these bodies is explained in the 
same manner as that of the hydroclilorato of hydrocyanic aoid. 

The same chemist has discovered a very remarkable case of isomerism. 
The cyanide of ethyl prepared by the action of the cyanide of silver on 
the iodide of ethyl, is not identical with that resulting from the action 
of cyanide of potassium on potassic sulphovinate. The first is volatile 
at 82°, has a veiy disagreeable odour, and when cold combines instan- 
taneously with hydrochloric acid, developing heat like ammonia. The 
second boils at 98°, has an ethereal odour which is not disagreeable 
when the salt is pure, and requires some time in order to unite with 
the hydracids. Tlieso differences between these two isomers may per- 
haps bo explained by representing ordinary cyanide of ethyl by the 
formula [(OH)"'.N] and M. Gauthier’s cyanide by the formula 



Chlorides of Cyanogen. — If moist mercuric c} r anide be left in a 
flask full of chlorino, gaseous chloride of cyanogen ^ | is produced: 



Mercuric Chlorine. Mercuric Chloride of 

cyanide. chloride. cyanogen. 


Gaseous chloride of cyanogen is solidified by a cold of — 18°, melts 
at —16°, and begins to boil at —12°, under the ordinary pressure of 
the atmosphere ; water dissolves 25 times, ether 50 times, and alcohol 
100 times its volume. When left in a hermetically-sealed tube, 
gaseous chloride of cyanogen is slowly converted into solid chloride. 

The alkalies transform chloride of cyanogen into alkaline chloride 
and cyanate, or, rather, into chloride, carbonic anhydride, and ammonia ; 
these two latter bodies being produced secondarily by the action of 
the alkali on the cyanate formed : 

SI + °(1|°) - (S}°) + 5} + (II «) 

Chloride of Fotasb. Cyanate of Chloride of Water. 

cyanogen. potassium. potassium. 


* From a private communication. 



BROMIDE AND IODIDE OF CYANOGEN. 


695 


On transmitting a current of chlorine into concentrated hydrocyanic 
acid cooled to 0°, at a certain time a lighter layer will be seen to 
separate from the remainder of the liquid ; this layer is a combination 
of chloride of cyanogen and hydrocyanic acid, and when washed with 
iced water and dried, its formula is [(CyCl) 8 HCy], and it boils at 20°. 
If it be mixed with mercuric oxide in a cold vessel, and then distilled, 
transmitting the vapours over chloride of calcium, a liquid is obtained 
which is not inflammable, is volatile at 15°, and solidified at — 5° or 
— 6°, and the formula of which is (CyCl). This is a liquid modification 
of the chloride of cyanogen. It was formerly believed that this body 
corresponded to the double formula (Cy 2 Cl*) ; but its vapour density, 
recently determined, proves that, like the gaseous chloride, it corre- 


sponds to the simple formula 



Liquid chloride of cyanogen, when 


pure, may be preserved for any length of time ; but if it be prepared by 
transmitting chlorine into dilute hydrocyanic acid and simply distilling, 
without washing with iced water or treating by morcuric oxide, the 
product obtained is soon transformed into solid chloride of cyanogen. 


The solid chloridf 


Cy s ) 

Cl 3 f 


is obtained by the action in sunlight of 


chlorine in excess on anhydrous hydrocyanic acid. This body forms 
brilliant needles of a density of 1 • 32 ; it melts at 140° and boils at 
190°. It is only sparingly soluble in water, but tho solution is very 
poisonous; it is very soluble in alcohol and in ethor. Its alcoholic 
solution is quickly transformed into hydrochloric and cj'auurio acids : 


V + 3 (n}°) 

Solid chloride Water, 

of cyanogen. 


+ *(§}) 

Cyanuric acid. IJydrochloric 

acid. 


This transformation is instantaneous if an alkali be present. 

Some chemists still doubt the existence of gaseous chloride of 
cyanogen, and think that it is merely the vapour of more or less 
impure liquid chloride. This subject requires further research. 

Bromide and Iodide of Cyanogen jjjj- and — These bodies 

are obtained by submitting mercuric cyanide to the action of bromine 
or iodine. The equations which represent their formation arc iden- 
tical with that given to explain the production of a simple chloride, 
substituting bromine or iodine for chlorine. 

The chemical properties of the iodide and bromide of cyanogen are 
similar to those of the chloride (CyCl). Condensed bromides and 
iodides are unknown. 

Bromide of cyanogen is solid ; it melts at -f-4°, according to some, 
but requires a higher temperature according to others. This would 
appear to indicate the existence of different bromides which have been 
confounded with each other. 
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The iodide is volatilized without residue at +46°. 

0 

ferrooyanide of potassium mixed with peroxide of manganese on an iron 
plate, and treating with boiling alcohol. The filtered liquid deposits 
potassic cyanate on cooling. In this reaction the ferrooyanide is first 
transformed, under the influence of heat, into potassic cyanide and car- 
bide of iron, and the potassio cyanide is then oxidized at the cost of the 
peroxide of manganese : 



Cyanide of Oxygen. Cyanate of 

potassium. potassium. 


Cyanic Aeid 


cs 


— Potassic cyanate is obtained by heating dried 


Cyanic acid cannot be extracted from the cyanates ; but this aeid is 
obtained by distilling cyanuric acid in a small retort: 

m°-) - 

Cyanuric acid. Cyanic add* n 

When left to itself, cyanic acid is converted into a solid white mass 
called cyamelid : this transformation is accompanied by a disengagement 
of heat. Cyamelid is retransformed into cyanic acid by distillation. 

The alkalies transform cyanic acid into cyanates; if these salts bo 
heated with an excess of base, they are decomposed into alkaline car- 
bonate and ammonia : 

m + (|| o) + (2}o) = (£ffo-) + (NIP) 

Potassic Potash. Water. Potassic Ammonia. 

cyanate. carbonate. 

Under the influence of water, cyanic acid undergoes an analogous 
decomposition : 

( C h}°) + (If 0 ) = (°° a ) + ( NH “) 

Cyanic acid. Water. Carbonic Ammonia. 

anhydride. 

Urea is also produced in this case, in consequence of the secondary 
aotion exercised by the ammonia formed, on some cyanio acid remaining 
undecomposed. 

The action of cyanic aeid on the alcohols give rise, not to the forma- 
tion of cyanic ethers, but to that of ethers of an acid whose formula is 
(C a H 4 N*0 8 ), and which is called allophanic acid. 

Cyanio ethers are obtained by distilling the alkaline salt of an acid 
ether with potassic cyanate : 
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(^1°) + (<=|‘} °') - (T | O’) + (<&}°) 

Potassic Potassic ethyl- Potassic sulphate. Cyanate of 

cyauate. sulphate. e-liyl. 

M. Gal lias shown that cyanic, like hydroc} r anio ethers, are capable of 
uniting with hydracids. 

Under the influence of alkalies, the cyanic ethers undergo a decompo- 
sition analogous to that which cyanic acid undergoes ; but as the typical 
hydrogen of this acid is here replaced by a radicle of alcohol, tho am- 
monia which is formed contains an alcohol radicle substituted for an 
atom of hydrogon : 

(<S4 n ) + 2 (l}°) - (£?>) + ( c f} N ) 

Cyanate of ethyl. Potash. Potassic carbonate. Ethylamine. 

Cyanetholine. — This body is an isomer of cyanate of ethyl, and has 
been obtained by M'. Cloez by causing chloride of cyanogen to act on 
the ethylate of sodium : 


(T}°) + S} - 5} + (T)°) 

Ethylate of Chloride of Chloride Qyanetholiiie. 

sodium. cyanogen. of sodium. 

Instead of being decomposed by potash into ethylamine and potassic 
carbonate, as is the case with the cyanate of ethyl of M. Wurtz, cyane- 
tholine, like ethers in general, splits up into alcohol and cyanic acid, or 
rather, into alcohol, and the products of tho decomposition of cyanic acid 
by the alkalies, t.c., ammonia and carbonic anhydride. 

The hydracids do not unite with cyanetholine, but they transform it 
into chloride or bromide of ethyl, and cyanuric acid resulting from the 
condensation of cyanic acid. 

From these facts it follows that the names applied to cyanic acid 
and its ethers ought to be changed. Cyanetholine is the true cyanic 
ether containing the radicle CN united to ethyl by means of 0 ; the 
cyanic ethers of M. Wurtz are the alcoholic derivatives of oarbimide 

(°s>> 

Their constitution and that of cyanetholine is expressed by the fol- 
lowing figures : 
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It is probable that similar isomers exist, and that, seeing the facility 
with which cyanogenized bodies are transformed, compounds which do 
not contain the cyanogen radicle are improperly called cyanogen com- 
pounds. This name should be reserved exclusively for bodies contain- 
ing nitrogen saturated in three of its atomicities by carbon, the fourth 
unoccupied atomicity of the carbon uniting with the various residues. 
Those bodies in which only two atomicities of nitrogen are saturated 
by carbon, the third being united to a radicle, while the two free 
atomicities of the carbon are united to oxygen or remain free, are not 
cyanogen compounds, but carbonic imidcs or analogous bodies. 

Cyanuric Add m O 3 ^. — The best method of obtaining this body 

consists, according to M. Wurtz, in submitting urea in a state of 
fusion to the action of a current of dry chlorine : 


a(CH*lTO) 

+ 3 ( 81 }) . 

+ »(5}) 

Urea. 

Chlorine. Cyanuric add. 

Hydrochloric 

acid. 


+ CS}) + S} 



Chloride of Nitrogen, 

ammonium. 


The chloride of ammonium is removed by solution 

in cold water, and 


the cyanuric acid is then dissolved in boiling water and crystullized. 

Under the influence of hydrating agents, cyanurio, like cyanic acid, 
is converted into carbonic anhydride and ammonia. 
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Cyanurio ethers are obtained in the same manner as cyanic ethers, 
that is to say, by the action of acid ethers on cyanurates. Alkalies 
decompose them, producing an alkaline carbonate and a compound 
ammonia. The reaction is the same as with cyanic ethers, but cyunuric 
acid furnishes three molecules of each of these products of decomposi- 
tion, where cyanic acid only furnishes one. 

Dicyanic Acid. — Intermediate between cyanic acid j 0^ and 

cyanurio aoid O 3 ^, it is natural to anticipate the existence of 

another acid, | 0*J dicyanic acid. M. Pocnsgen has recently found 
this hypothesis to be correct. 

To obtain this acid, urea is lieatod to 140° with the iodide of cyano- 
gon ; cyanurea is thus produced : 


(CH‘N'0) + ( CI }|) 

Urea. Iodide of 

cyanogen. 


(CIP(CN)M’O) 4- 

Cyanurea. Hydr iodic 

acid. 


Cyanurea being then submitted to the action of nitrous acid, is trans- 
formed into water, nitrogen, and dicyanic acid : 

(crr(CN)N’O) + ( N °f o) = ({{} o) + £} + ( (C1 g} o') 

Cyanurea. Nitrous acid. Water. Nitrogen. Dicyanic acid. 

Dicyanic acid is bib«isic, and has a great tendency to form acid salts ; 
under the influence of hydrating agents it is decomposed, giving two 
molecules of carbonic anhydride and two molecules of ammonia; it 
therefore undergoes a transformation precisely analogous to those of 
cyanic and cyanuric acids. 

Sulphocyanic Acid (improperly called Hydrosidpltocyanic Acid) 
Ch} ® )• — Alkaline sulphocyanates arc obtained by heating a cyanide 
with sulphur : 

a (c*}) + SI - ■(*»■) ' 

Cyanide of Sulphur. Sulphocyanatc 

potassium. of potassium. 

From the alkaline sulphocyanates, those of metals may be prepared 
by double decomposition, and by decomposing the sulphocyanate of 
mercury by Sulphuretted hydrogen sulphocyanic acid is obtained. 

This acid and its salts colour ferric salts blood-red, in consequence 
of the formation of ferric sulphocyanate. 

Sulphocyanic acid is very instable, even when diluted, . When dry 
it is still more instable, and decomposes into hydrocyanic and per- 
sulphotydrocyanic acids : 
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Sulphocyanic Hydrocyanic Persulphohydrocyanic add. 

acid. acid. 


When moist, it is transformed sometimes into carbonic anhydride, 
bisulphide of carbon and ammonia : 

2 (°h} S ) + 2 (h}°) = C ° a + CS ' + 2(NH») 

Sulpliocyanic Water. Carbonic Bisulphide Ammonia, 

add. anhydride. of carbon. 

sometimes into carbonic anhydride, sulphuretted hydrogen and 
ammonia : 

( C h} S ) + 2 (Sf o) = (CO*) + (g}s) + (NIP) 

Sulphocyanic Water. Carbonic SuIpliureLttd Ammonia, 

acid. anhydride. hydrogen. 

Under the prolonged influence of sulphuretted hydrogen, it gives 
ammonia and bisulphide of carbon : 

(h( s ) + (h } s ) - (jj}") + «*> 

Sulphocyanic Sulphuretted Ammonia. - Bisulphide 

acid. hydrogen. of carbon. 

This reaction is analogous to that produced when water acts on 
cyanic acid. 

Chlorine and nitric acid cause a yellow precipitate of persulplio- 
cyanogen in sulphocyanic acid, and in solutions of tho sulphocyanates : 



Sulphocyanic Chlorino. Hydrochloric Persulphocyanogen. 

acid. odd. 


Seleniocyanic Acid. — Potassio seleniocyanate is obtained by calcin- 
ing tbe potassio cyanide with selenium. The solution of this salt, 
when added to that of a salt of lead, gives a precipitate of selenio- 
cyanate of lead, which, when treated by sulphuretted hydrogen, 
furnishes seleniocyanic acid. This acid is very instable, and the pro- 
ducts of decomposition to which it gives rise are imperfectly known. 

Cyanic Amides. — Cyanamide j N j is prepared by the action 

of gaseous chloride of cyanogen on ammonia in ethereal solution; 
chloride of ammonium is deposited, cyanamide remains dissolved, and 
is obtained by evaporating the ether in a water-bath. 
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Chloride of 
cyanogen. 



Ammonia. Chloride Cyanamlde. 

of ammonium. 


Under the influence of alkalies, cyanamide furnishes ammonia and 
the products of the decomposition of cyanates (carbonic anhydride and 
ammonia). If it be heated to 150°, it is transformed into a polymeric 


alkali, melamine 



which is also produced when melam, a 


neutral body with which it is isomeric, is submitted to the action of 
boiling potash. Melam itself remains as residue when the sulpho- 
cyanate of ammonium is decomposed by heat. 

When melamine is boiled for some time with an alkaline solution, 
it disengages ammonia, and is successively transformed into amine- 
line, ammelid, and oyanuric acid : 



A sulphuretted ammelid I (CN) 5 



f(CN)^NIF) 


(• 


+ 


[OK I 

Ammeline. 

HD 

Ammelid. 

Hi) 

Qyanuric acid. 


SH I is obtained by a very com- 
SH / 

plicated reaction, when persulphocyanogen is dissolved in hydrosul- 
phate of potassium ; this body is called sulphomellonic acid. 

When ammonia acts on the solid chloride of cyanogen, a body is 
obtained representing melamine, of which one of the NH 2 groups is 

/ f NH2 \ 

replaced by Cl. It is chlorocyanamide I Cy 8 <NH a l. 


Cy 8 ) 
Cl* I 

Chloride 
of cyanogen. 


«■) 

Ammonia. 


- *PS}) 




Chloride of 
ammonium. 


HD 

Chlorocyanamide. 


Dicydnamide (NCy*H) is unknown ; but, by the action of a poworful 
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heat, many of tho cyanio compounds give a yellow residue which is 
formed by the condensation of three molecules of dicyanamide into one. 


It is hydromellon 



Liebig, who discovered this body, be- 


lieving it to be free from hydrogen, represented it by the formula 
(C 8 N 4 ) = w(NCy s ), and called it mellon; but Gerhardt, Laurent, and 
Woelkel, have clearly shown that this body contains hydrogen, and has 


tho formula 



\\ hen heated with potassium, hydromellon exchanges H 2 for K 2 , and 


gives potassic mellonide 


/ty ] 

| \ 

<y! 

K‘ | 
\H 1 

nr 


Boiling concentrated potash trans- 


forms hydromellon into potassic cyamellurate and ammonia. 

Chemists are not quite agreed as to tho reaction which takes place, 
nor as to the formula of oyamelluric acid, which is (C e n 8 N 7 0®) accord- 
ing to Liebig, and (C G H 4 N B O a ) according to Gerhardt. 

Tricyanamide NCy 3 has not as yet been obtained, and no polymer of 
this body is known. 

Constitution of Cyanogen Compounds. — So far we have admitted 
that all the bodies just studied contain the cyanogen radicle, that is to 
say, an atom of carbon, three atomicities of which are saturated by 
nitrogen. 

However, such formulas do not appear applicable to all these com- 
pounds. The discovery of cyanetholine by M. Cloez proves that 
among these bodies there are isomers which must be represented by 
distinct rational formula}. 

Hydrocyanic acid and ethers appear really to contain the cyanogen 
radicle. If such bo the case, the hydrogen and tho radicles of alcohol 
are directly united to the carbon, and the transformations these bodies 
undergo under the influence of hydrating agents aro easily explained : 


= (C’H 4 "'*) + 2(11*0) = (NIP) + (CTPO.OH) 

' Y * 

Cyanide of ethyl. Water. Ammonia. Propionic acid. 


Tho cyanetholine of M. Cloez also appears to contain cyanogen united 
to oxethyl, which explains clearly its decomposition by bases into 
alcohol and metallic cyanate. The cyanic ethers of M. Wurtz, on tho 
contrary, do not appear to belong to the cyanogen series; they aro 

( CO” ) \ 

N J ; that is to say, the radicle 

R' is not united, directly, either to the carbon or to the oxygen, but 
to the nitrogen, which is only attached to the carbon by two atomi- 
cities, the other two atomicities of the carbon being saturated by 
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oxygen. It is almost impossible at present to decide what is the con- 
stitution of solphocyanic acid, cyanic amides, and their condensed deri- 
vatives : as this is doubtful, it is better to retain the formulas in which 
cyanogen is admitted ; these formulae are very simple, and account for 
most of their reactions. 

Whatever may be the formulae adopted, the property all these bodies 
possess of being condensed is Tcadily explained : if they contain cyanogen, 
that is to say, a triatomic and monovalent radicle, two atomicities of 
this radicle remain, by which it can unite with itself; if they arc 
carbonic imides, they contain the biatomic radicle CO", which, like all 
polyatomic radicles, possesses the property of accumulating in mole- 
cules. 

In the following table, wo will place side by sido the rational for- 
mulas of the known cyanogen compounds, considered as containing 
cyanogen or as being carbonic amides. But it is important to remark 
that those formulae which belong to possible bodies, indicate isome- 
risms, and cannot be considered as different methods of explaining the 
composition of the same bodies. 

Among these possible isomerisms, only one is known with certainty ; 
it is that of the cyanetholine of M. Clocz and the cyanato of ethyl of 
M. Wurtz. 


Formulae in which the Cyanogen 
Radicle Cy = CN is admitted. 



Free cyanogen. 


Cy") _ CN"1 
Cy"f " CN*[ 

Paracyanogen. 



Hydrocyanic acid. 



Simple cyanides. 



Cyanides of polyatomic radicles. 



Ferrocyanides. 


Formula in which the Cyanogen 
Radicle is not Admitted. 

c 8 v, |n* 

Cyanogen. 

(C ,VI }n 1 )* 

Paracyanogen. 

S> 

Hydrocyanic acid. 

® H jj 
M'f * 

Simple cyunidcs. 


C "’U 

M»r 

Cyanides of polyatomic radicles. 



CJyanhydrins. 


C"W') 

j 

Ferrocyanides. 
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(Fe-Oy^J = (Fe’CCNJ^'J 

Pei 

gr} 

i and liqt 

■ ST-} - (0N c?( 


Ferrlcyanldes. 

Cy) CN1 
= Cl \ 

Gaseous and liquid chloride of cyanogen. 


Solid chloride of cyanogen. 

Cy) _ ON) 
Br f ~ Brf 

Bromide of cyanogen. 

°i} = CN if 

Iodide of cyanogen. 

%}0 = e S|o 

Cyanic acid. 


Cy*l qs _ (CN^ 

IJ 2 ( U - 1 

Dicyanic acid. 


2f o 2 


H-f 0, * "S}* 

Cyanuric acid. 

Cy 1 „ _ CN 1 n 

C S H‘| u “ C 2 lPf 

Cyanate V>f ethyl of M. Clue/ (cyanetholinr). 

Cy) ON) 

HVN = H>N 
Hj Ilj 

Cyanamidc. 


fNH 3 

fNH* 

C w i 

C"| 

^NH* = 

(CNWNH 2 

C" 

(NH* 

(NH 2 

H«| 


Melamine. 


fNH* fNH 2 

Cy*<NH* = (CNWNR* 
(OH (OH 


m |l 


C" 4 M'* IFo"' ^N" 
C" 4 M'*J 

Ferrlcyanldes. 

°"1n 
ci r 

Gaseous aud liquid chloride of cyanogen. 

SK 

Solid chloride of cyanogen. 

sk 

Bromide of cyanogen. 


o;} 

Iodide of cyanogen. 


N 


Cyanic acid (carbimide). 

CO") 

co" In* 

H 2 J 

Dicyanic acid (dicarbo-diamide). 


■N 3 


CO" 

CO" 

CO" 

H 3 

Cyanuric acid (tricarbo-trianiidc). 


c°"1n 

C 2 H 3 | " 

Cyanatc of ethyl of M. Wurtz (ethyl-carbimld«0. 


Cyanumlde. 




Melamine. 


C" 

C ,T 

CO" 

H* 
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(NH 3 

(NH* 

Gy* (OH 

= (CN)»OH 

{oh 

{OH 


Ammvlid. 

(NH* 

(NH* 

Cy*< SH 

= (CN)*< SH 

{SH • 

{ SH 

Sulphomcllonic acid. 

(NH* 

(Nil* 

CyVNH* 

= (CNWNIP 

{ Cl 

l Cl 


Chloro-cyanani id*'. 


(GO")* | 
C' T >N 4 
II 4 J 

Amimlid.' 

(CS")») 

C"In 4 

H 4 J 

Sulpliomellonlc acid. 

C"ir s ) 

C^H VN* 
C”Clj 

Chloro-cyanamlde. 


W 



(CT) 2 m 

»} N * = k c ^7}n® ; 

(G^/HXS 9 
(t. IV ) 2 HJ 

Hydromcllon. 

Hydromcllon. 

ru. . l(Ci m- 

f2) M' 2 | 

(C") 2 H ) 

(G re ) 2 M'lN* 

(C IT )*M'J 

Mellonldes. 

Mellonides. 

V" IN'" 


OH - ([° N mOT 

G ,T .CO".TI) 

G ,T .CO".H>N 7# 

oh Ion 

G ,T .CO".Hj 


Cyameluric acid. 


Cyameluric acid. 


Cy»N = (CN)*N 

Tricyanamide (unknown). 

Cy*) (ON)*) 

Cy*>N* = (CnHn* 

Oy*l (CN)*J 

Polymer of tricyanamide (unknown). 


on 

cnx 4 

C ,T J 


Tricyanamide (unknown . 

(C")*'> 


(C ' v )*>\ 14 

(C'TJ 

Polymer of tricyanamide (unknown). 


CARBONIC AMIDES. 

When speaking of lactic and analogous acids, we said that, besides 
two isomeric monamides, each of these acids should be able to give rise 
to a diamide, but that, up to the present time, none of these diamides 
could be prepared. Moreover, we saw that carbonic acid, the first 


* In the first edition the formula (CPIDN 8 © 2 ) proposed by Gerhard t for cyameluric 
acid was adopted. But since then Liebig has shown that tho true formula of this 
body is (0 6 H # N^0 3 ). If Gerhardt’s formula were correct, the rational formula of this 
acid would be — 



(NH)" 

(NH)" 

(OH)' 

(OH)' 


([ON]*)* 



or 


(CO")».H 4 ) 

C" 2 

C :vS 


N 8 
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term of the series to which lactic acid belongs, differs from its homo- 
logues ; that it is not biatomic and monobasic like these, but biatomic 
and bibasic. 

Now biatomic and bibasic acids are capable of giving neutral diamidcs, 
amic acids, and imidcs. 

Wo may therefore expect three ammoniacal derivatives of carbonic 
aoid : (“"}cm) 


1st. Carbamic acid 



N 


2nd. Carbimide . 


3rd. Carbo-diamido . 


°s> 

CO" 
Il^N 2 
IP 


Other derivatives, such as dicarbo-triamide 



etc., belonging 


to more condensed types, may also bo looked for. 

Carbamic acid has not as yet been obtained in a free state, but an 
ammoniacal salt of this acid is formed when carbonic anhydride acts on 
ammoniacal gas : 


(C0"0) + 2(NIF) 


Carbonic Ammonia, 

anhydride. 



Carbamate of ammonium. 


Bodies arc also known which only differ from carbonic acid by the 
substitution of a radicle of alcohol or phenol for an atom of hydrogen. 

TMi 

Such is phenyl-carbamic or anthranilic acid | L |, which 


is obtained by the action of potash on indigo. 

( Of)") \ 

jj > N j is probably identical with cyanic aciil. 

H 4 f ^ 2 ) a ^ so ex ^ K ^ 8 I ^ is known as urea. Its four 

atoms of hydrogen may be replaced by radicles of acids or of alcohols, 
in which case compound ureas are produced. 


Lastly, there is the dicarbo-triamide 


'•> 


N 8 ), known as biuret , 


which is formed when urea is submitted to a temperature of 170° for 
some time. 
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Of all the carbonic amides, the only ones possessing much interest 
are carbo-diamide and its derivatives, that is to say the ureas, com- 
prising under this general title both simple urea and the compound 
ureas. 


UREAS. 

SIMPLE UREA. 

Urea exists ready formed in urine, from which it may be cxtractod 
by the following process : 

The urine is evaporated to about the sixth part of its volume, then 
nitric acid, free from nitrous products, is added to the syrupy liquid. A 
sparingly soluble compound of nitric acid and urea (nitrate of urea) is 
formed, and precipitated along with some colouring matters. This 
precipitate after being collected on a filter, is dissolved in boiling water, 
powdored animal black being added, and the hot liquid is filtered. 
Perfectly white nitrate of urea is deposited on cooling. In order to 
extract the urea from this salt, it is dissolved in boiling water, and 
baiytic carbonate is added to the solution, which is filtered in order to 
separate any excess of the carbonate, and then crystallized ; the barytic 
nitrate first crystallizes and then the urea. To remove the last 
traces of the former from the urea, it is crystallized from alcohol, which 
does not dissolve the barytic salt. 

Urea may also be obtained synthetically, and by several different 
processes. 

First Process . — Cyanic acid is combined with ammonia, or what 
comes to the same thing, solutions of amnionic sulphate and potassic 
cyan ate are mixed ; urea is then produced by double decomposition : 



Cyanic acid. Ammonia. TTrea. 


It is very easy to understand this method of preparation, if it bo 
remembered that cyanic acid is a carbonic imide. It has been seen, 
moreover, that the ini ides are derived from diamides ( see Amides) by 
the elimination of ammonia, and that, on the other hand, the diamides 
may be prepared by fixing ammonia on the imides. 

Second Process .— Ammonia is mado to act on the carbonate of ethyl : 

/CO"l 

+ 2 (® n ’) - ^ g:} K 

Carbonate of ethyl. ■ Ammonia. TTrea. Alcohol. 

These two bodies should be heated for some time in a hermetically- 
sealed ttibe. 


((C*H»)*}° 2 ) 



2 z 2 
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Third Process . — Urea is also produced in the reaction of ammoniacal 
gas on the chloride of carbonyl ; chloride of ammonium is formed at 
the same time. These two bodies are separated by means of absolute 
alcohol, which dissolves only the urea : 

cs}) + *<w> - <™'i) + (| H 

Chloride of Ammonia. Chloride of Urea, 

carbonyl. ammonium. 


Fourth Process. — Dr. Williamson has obtained urea by heating 
oxamide with mercuric oxide over a spirit lamp until the mass 
assumes a greyish appearance, dissolving in boiling water, filtering 
and crystallizing : 



+ (Hg"0) 

Mercuric 

oxide. 


Hg" + (CO*) + 

Mercury. Curbonic 

anhydride. 



Urea. 


Fifth Process . — Urea appears to bo produced when a solution of 
sulphocyanato of ammonium is heated with oxide of silver : 

((?$>} N ) + <*f°> - + CSW 

Ammonic Oxide of Sulphide Urea. 

BUlphocyanate. silver. of silver. 

This reaction yields very little product, because as the urea 
is formed it is destroyed by the simultaneous action of water and heat. 

Sixth Process. — Nitrate of urea, and consequently urea, is formed 
when nitiic acid is added to an ethereal solution of cyanamide : 

cs-!*) + (in - m 

Cyanamide. Water. Urea. 

Lastly, urea is produced in a number of reactions : by the action of 
the alkalies on creatine, of nitric acid on allantoin, of oxidizing agents 
on uric acid, of hydrosulphuric acid on the ammoniacal fulminate of 
copper, etc. 

Properties. — 1st. Urea crystallizes in prisms with a square base; it 
is soluble in water and*alcohol, and very sparingly so in ether. 

2nd. When brought into contact with certain salts containing water 
of crystallization, it separates this water, and the solid mass becomes 
paBty. This action is the more singular as urea has no affinity for 
moisture. 

3rd. Under the influence of heat, urea first melts, then disengages 
ammonia, and leaves a residue of biuret ; if greater heat be "applied, 
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this latter in its turn loses carbonic anhydride and ammonia, and is 
transformed into ammelid : 



Urea. Ammonia. Biuret. 



Biuret. Ammelid. 


+ (CO s ) + 2(NFl a ) 


Carbonic Ammonia, 

anhydride. 


4th. Chlorino decomposes an aqueous solution of urea into carbonic 
anhydride, nitrogen, and hydrochloric acid ; but if dry chlorine be 
transmitted through melted urea, hydrochloric and cyanuric acids, 
hydrochlorate of ammonia and nitrogen are produced : 


Cf'H - 

Urea. 

+ 

O' u 
| 

MB, * 

•a - 

Chlorine. 

(co 2 ) + ?}} 

Carbonic Nitrogen, 

anhydride. 


+ 6 (ci}) 

Hydrochloric acid. 


s (iH 

Urea. 

+ Hell) - 

Chlorine. 

rw 

Cyanuric acid. 

+ 5 (ci}) 

Hydrochloric 

acid. 


+ ( N 5'f) + £} 

Chloride of Nitrogen, 

ammonium. 



5th. Urea, when heated with water to a temperature of 140° in a 
hermetically-sealed tube, absorbs two molecules of this liquid, and is 
transformed into carbonate of ammonium : 



Urea. Water. Carbonate of ammonium. 


An analogous reaction takes place when urea is left with the organic 
ferments produced in urine, or when urea is acted upon by boiling 
alkalies or acids. In this case, instead of the ammonic carbonate, pro- 
ducts of its decomposition by the alkalies or acids are obtained. 
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6th. Nitrous acid transforms urea into carbonic anhydride, water, 
and nitrogen : 

CsH + 2 ( n £|°) - »(S}) + 

Urea. Nitrous acid. Nitrogen. Carbonic 

anhydride. 


+ 3 (E}°) 

Water. 


These two latter reactions of urea might be foreseen; they arc 
identical with those produced with all the amides. 

7th. A mixture of solutions of urea and of nitrate of silver is converted 
by evaporation into nitrate of ammonium and cyanate of silver. This 
fact is not surprising, as though urea does not possess the properties 
either of the cyanates or of the ammoniacal salts, it has the composition 
of oyanato of ammonium : 



Uren. Nitrati; of silver. Cyanate of Ammon ic nitrate. 

silver. 


8th. IJrea unites directly with acids in the same way as the alka- 
loids; it does not, however, combine either with lactic, uric, or hip- 
puric acid. 

Though derived from two molecules of ammonia, urea manifests 
mon-acid properties. A single moleculo of nitric or hydrochloric 
acid is sufficient to saturate it. 

Urea may also unite with salts, properly so called, instead of with 
acids.; thus, besides the nitrate of urea (CH 4 N 2 0,NH0 3 ), there exists a 
combination of urea and sodic nitrate (CII 4 N 2 0,NNa0 8 ) ; besides the 
bydrochloratc of urea (GI1 4 N 2 0,HC1), there is tho chloride of sodium 
and urea (GH 4 N 2 0,NaGl), etc. 

9th. IJrea also combines with certain metallic oxides, such as 
mercuric oxide or oxide of silver ; for instance, the compounds 
(CH 4 N 2 0,Hg"0) ; [(0IT 4 N 2 0) 2 (ITg''0) 2 ] ; (Cn 4 N a 0(Hg"0) 8 ) ; 

[(CH 4 N*0) 2 (Ag 2 0) 3 ] aro known. 

Determination of the Proportion of Urea contained jn Urine. — 
Several methods have been proposed for this object. The following 
are the principal : 

1st. M. Ilointz weighs a quantity of fresh, cold urine contained in a 
glass having a capacity of 25 cubic centimetres. He divides this urine 
into two parts, to the first of which, weighing from 6 to 8 grammes, he 
adds a few drops of hydrochloric acid, and sets it aside for twenty-four 
hours in a cool place. Uric acid is deposited, and is separated by 
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filtration. Six grammes of sulphuric aoid are added to the filtered 
liquid, which is put into a platinum crucible and gently evaporated 
until gas begins to be disengaged. The crucible is then covered with 
a watch-glass and heated until the acid vapours completely fill it. 
The temperature may be carried as high as 1 80°. 

When the reaction is completed, the liquid is filtered into a porce- 
lain capsule, and evaporated almost to dryness, and hydrochloric acid 
and platinic chloride are added to the residue. The precipitate 
is collected on a filter, and, when well washed, is dried and weighed. 
This gives the weight of the doublo chloride of ammonium and 
platinum, arising from tho sulphato of ammonium formed by the de- 
composition of the urea and the ammoniaeal salts existing in the urine, 
combined with the weight of the double chloride of platinum and 
potassium arising from the potassic salts contained in the urine. 

The second portion of the urino is precipitated by platinic 
chloride. Tho precipitate is collected and washed with the usual 
precautions ; it contains double chlorides formed at the expense of the 
potassic and ammoniaeal salts of the urino. It is evident that if we 
deduct its weight (of course reduced by calculation to the same 
quantity of urine) from that of the first precipitate, the difference will 
give tho quantity of the platino ammoniaeal chloride which accrues 
from the urea. Then the weight of this nrea decomposed may be 
easily calculated ; we have only to remember that two molecules of 
the double chloride correspond to one molecule of urea. 

2nd. M. 13unseu recommends a known weight of urine to be satu- 
rated with a great excess of chloride of barium, the precipitate due to 
the salts contained in the urine to he removed by filtration, and tho 
liquid to be heated to between 220° and 240° in a hermetically-sealed 
tubo. The carbonate of ammonium which is formed gives, in presence 
of the chloride of barium, a precipitate of barytio carbonate, from the 
weight of which that of the urea may be deduced ; in fact, each mole- 
cule of this salt represents a molecule of urea. 

3rd. M. Mill on determines t he proportion of urea by means of its 
decomposition by nitrous acid. He treats 15 or 20 grammes of urine 
by an acid solution of mercuric nitrate containing nitrous fumes, 
lie transmits the gases which disongage, first over pumice-stone 
moistened with sulphuric acid to absorb tho nitrous vapours, then into 
a tube with Liebig’s bulbs containing a solution of potash to retain 
the carbonic anhydride. The weight of the urea is ascertained by 
multiplying that of the carbonic anhydride obtained by 1 a 3(>36. 

4th. M. Looomte has recourse to the action exorcised by chlorine on 
an aqueous solution of urea. He places the urino in a small globe 
from which the air is displaced by means of a current of carbonic acid 
gas, then he transmits a current of chlorine into the globe, which is 
gently heated. The gases which disengage are received into a bell- 
glass containing a solution of potash, over mercury, to absorb tho 
hydrochloric acid, carbonic anhydride, and excess of chlorine. At the 
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close of the operation all the nitrogen contained in the apparatus is 
displaced by again transmitting carbonic acid gas into it, and the 
nitrogen contained in the small bell-glass is measured. Knowing the 
density of the nitrogen, its weight is deduced from its volume, and by 
means of this weight that of the urea is calculated. We know that 
N a correspond to a molecule of this body, that is to say, that 28 parts 
by weight of nitrogen represent 00 parts of urea. 

5th. M. Liebig prepares a normal volumetric solution of mercuric 
nitrate without excess of acid, and adds this to the urine until preci- 
pitation ceases. From the quantity of the solution employed he deduces 
the quantity of the urea, having first ascertained the quantity required 
to precipitate a known weight of pure urea from its solution in 
water. 

In this process, however, the precipitation is not complete, because 
the acid which is liberated at the same time retains a portion of tho 
urea in solution. In order to obviate this, when precipitation ceases 
the liquid must be exactly saturated with baryta water, more of the 
mercuric nitrate added, and so on till it finally ceases to produce any 
precipitation. 

M. Liebig’s process may be used to extract urea from the blood. 
After separating the clot which forms spontaneously, and coagulating 
the albumen by heat, tho liquid is filtered and the urea precipitated 
from it by means of the mercuric nitrate. The precipitate is collected 
on a filter and washed, and then suspended in water and decomposed 
by a current of sulphuretted hydrogen. Sulphide of mercury is thrown 
down, and the urea remains in solution : after filtering, the proportion 
of the urea is ascertained by one of the above-mentioned processes. It 
could not be at once determined in the serum, as this contains too 
small a quantity, and therefore must first be concentrated. 

COMPOUND UREAS. 

Compound ureas are those bodies which represent urea tho hydrogen 
of which is wholly or partly replaced by radicles of alcohols or of 
acids. 

The compound ureas having alcohol radicles may contain radicles of 
monatomic alcohols, in which case they belong to the same type as 
urea ; or they may contain radicles of polyatomic alcohols, when they 
belong to a more condensed typo. 

We must therefore consider: 1st, those which, like simple urea, 
belong to the type N 2 H 6 ; and secondly, those belonging to a more 
condensed type. 

Ureas belonging to the Type N s H°. 

Among these, there are some which contain the radicles of alcohols, 
and some are known containing sulphur and phosj^horus among tlicir 
elements, * 
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Ureas which contain Radicles of Alcohols . 


One, two, three, or four atoms of the hydrogen of ordinary urea may 
be replaced by radicles of monatomic alcohols ; thence ureas of the 
first, second, third, ol* fourth degree. 

In order to denominate the compound ureas, the word urea is pre- 
ceded by the name of the radicle or radicles which enter into their 
composition, and those radicles are themselves preceded by the syllables 
di, tri, tetra , to indicate the number of molecules of each of them. Thus 
we say ethyl-urea, diethyl-urea, ethyl amyl-urca, tetrethy 1-urea, etc. 

Mon-alcoholic Ureas. — P reparation. — These ureas are prepared 
either by causing cyanic acid to act on primary monamines, or by 
causing ammonia to act on the cyanic ethers : 


to + (!» 

Cyanic acM. Ethyluraiiio. 



Ethyl un*a 

(rt Uy l-eurbu-diamklt.*) . 



CyanaU? of ethyl. 


/H I \ 



UK 


( c 2 u*,n In 2 I 

\HJ / 


\ n s J / 


Aimnuniu. Etliyl-urm. 


Properties. — When treated with alkalies, these ureas give an 
alkaline carbonate and disengage a mixture of ammonia and a primary 
monamino : 


/ 


CO" 
(C 2 HMllN 2 
H 2 j 

Ethyl-ureji. 




') + 2 (h!°> 

Potash. 


TO) + ({j}*) 

Potasslc curbonatn. Anmiouiu. 


+ 



Ethylumim*. 


According to M. Volhard, the ureas obtained by the action of cyanic 
acid on primary monamines, and those obtained by treating the cyanic 
ethers by ammonia, are not identical though they are resolved into the 
same products under the influence of potash; there will be found 
certain physical differences between them. 

Di-alcoholic Ureas. — Preparation . — First Process .— 'These ureas may 
be obtained by causing a primary monamine to act on a cyanic ether : 


/C 2 fl*| \ 

sH 

+ 

/ C°"( N \ _ 

/ C(r l \ 

f(C*JlY|N 2 j 

, i J 9 

EthyLauiiiie. 


Cyunatc of ttliyl. 

Ih'lhyl-uiva. 



714 


PRINCIPLES OP CHEMISTRY, 


Second Process . — They may also be obtained by treating the cyanic 
ethers with water : 

/ CO"l \ 

KctpM + (h}°) - + <°°"' 0 > 

Cyanic ether. Water. Diethyl-urea. Carbonic 

anhydride. 

It is probable that this reaction is accomplished in two stages ; first 
a molecule of cyanic ether is transformed, under the influence of water, 
into primary monamino and carbonic anhydride, and then the primary 
monamine unites with a second molecule of cyanic ether to form a 
dialcoholic urea : 


First Stack. 


* 00") v \ 
caH «f *) 

+ 

li 

c a n‘) \ 

n In) + (co",o) 

^ j / 

Cyanic othe r. 

Water. 

Ethylaminc. Carbonic 

anhydride. 


Second Stage. 

(5S}») 

Cyanic other. 

/ 0*11”) > 
+ H N 

V it] , 

Kthylumine. 

) ■ (^B 

Diethyl-urea. 


Third Process . — Theso compounds maj' also be prepared by Ihe 
action of a secondary monamine on cyanic acid : 

CO " ) \ 
(C 2 II 5 ) 2 >N 2 1 
, H*j / 

Diethyl-urea. 


+ (of}*’) 

Cyanic ndd. Dicthylumine. 


Pkoi’KRtiks.- — 1st. Under the influence of alkalies, the ureas obtained 
by the action of cyanic etliers on primary monamines are resolved into 
an alkaline carbonate and two molecules of primary monamines : 



J>ictliyl-ureu. jftitush. I’otassic carbonate. Etbylamine. 



Kihylaminc. 
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2nd. The ureas obtained by the action of water on cyanic ethers 
act in the same manner under the influence of the alkalies, which fact 
supports our view of their mode of formation. 

3rd. The ureas obtained by means of secondary monamines and 
cyanic acid are decomposed by alkalies into alkaline carbonate, ammo- 
nia and secondary monamines : 



Diethyl-urea. Potash. Potassic carbonate. Ammonia. 



Diethylnminr. 


The differences observed between ureas belonging to the same degree 
of substitution, according to the manner in which they have boen pre- 
pared, tend to provo that in these bodies the cyanic group and the 
ammoniacal group remain more or less distinct. Under the influence 
of alkalies, the ammoniacal group becomes free, and the cyanic group 
is decomposed as if it were alone. 

When the urea contains cyanate of ethyl as the cyanic group, and 
ethylamine as the ammoniacal compound, the potash first splits it up 
into ethylamine and cyanate of ethyl. The latter is then decomposed, 
producing alkaline carbonate and liberating a second molecule of 
ethylamine. 

Jf, on the contrary, the urea contain cyanic acid and dicthylaminc, 
this secondary monamine is first separated from the cyanic acid and 
then the potash decomposes this latter body, giving rise to potass ic 
carbonate and ammonia. Instead of two molecules of ethylamine 
being formed as in the preceding case, one molecule of diethylaminc 
and one of ammonia aro obtained. 

This isomerism may bo expressed by the following formulas : 



Diethyl-urea. 


2(h - ok) - H9 + ■W!) 


Potash. 


l’utussic carbonate. 


Kthyluniiuc. 



Dicthylaminc. 


-f- 2(11. OK) 

Potash. 



I’otassic carbonutc. 


+ (NH S ) 

Ammonia. 



Dicthylaminc. 
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Tri-alcoholic Ureas.— No urea of this order is known as yet. M. 
Wurtz believed he had obtained one by causing diethylamine 
to act on cyanic ether, but afterwards he perceived that the product 
obtained was diethyl-uvea, formed by the reaction of cyanate of ethyl 
on the water contained in the diethylamine. Perhaps trialcoholic ureas 
might be obtained by heating dialcoholio ureas with a hydriodic ether. 

Tetr-alcoholie Ureas. — M. Hofmann appears to have obtained the 
tetrethyl-urea by treating cyanic acid with the hydrate of tetrethyl- 
ammonium. The properties of this body are unknown. 


Ureas having Acid Radicles . 

Preparation. — M. Zinin has succeeded in substituting acid radicles 
for an atom of hydrogen in urea, by heating this body with an acid 
chloride : 

(°!H + rso - («wn}*-) + (so 

Urea. Chloride* of Acetyl-urea. Hydrochloric 

acetyl. acid. 

Wo have already seen that M. Pocnsgcn has obtained cyanurea by a 
similar process, viz., by heating urea with iodide of cyanogen. 

Up to the present time no ureas have been obtained in which mo'd 
than one atom of hydrogen is replaced by acid radicles. 

Properties. — When an urea having an acid radicle is heated, it 
splits up into cyanuric acid and an amide of the acid which the urea 
contained : 



Acctyl-urca. 


raw 


Cyanuric acid. 


/C i H 8 0 ) 

3 ( H 

\ H 

Acetamide. 


H 


Sulphuretted and Phosphuretted Ureas . 

By substituting, in the preparation of compound ureas, a sulphocyanic 
ether for the cyanic ethers and a phosphine for the amines, M. Hof- 
mann has obtained an urea having four alcohol radicles, the oxygen of 
which is replaced by sulphur and half the nitrogen by phosphorus : 



Sulphocynnate of Triethyl-phosphlnc. 

phenyl. 


Ureas belonging to a more Condensed Type. 

On treating bichloride of ethylene diammonium with cyanate 
of silver, and separating the product from the insoluble chloride of 



UREAS BELONGING TO A MORE CONDENSED TYPE. 717 

silver by means of water and aleobol, M. Volhard lias obtained 
ethylenic urea, which is formed by the union of two molecules of 
cyanic acid with one molecule of ethylene diamine : 



Chloride of silver. 


Under the influence of potash, this urea is transformed into potassic 
carbonate, ammonia and ethylene-diamine : 



l Ethylenic urea. Potash Potassic carbonate. Ammonia. 



Ethylene-diamine. 


Ethylenio urea combines with hydrochloric acid in prcsenco of 
platinic chloride, and gives rise to a double chloride whose 
formula is f(C 4 H 10 N 4 O 2 ) ? (HCl)*,PtCl 4 J. Though derived from four 
molecules of ammonia, this urea retains the characters of a simplo 
molecule of ammonia ; it is a mon-acid tetramine. 

On submitting cyanate of silver to the action of diethyl ic dibromide 
of eth 3 7 lene-diammonium, M. Volhard has obtained the diethylio- 
ethylene urea a (C 8 II l8 N 4 0 2 ) : 



Dlethylic ethylene-urea. 
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This urea is decomposed by potash in the" same manner as the pre- 
ceding one, furnishing, like it, diethylic ethylene- diamine, ammonia, 
and potassic carbonate. 

On adding ethylene-diamine to cyanate of ethyl, M. Yolhard has 
obtained an urea which possesses the same composition as the pre- 
ceding one, diothylic-cthylene urea /? : 



JCtbylenc-diamliir. Cyanate of ethyl . 1 >u thylic ethylene-urea. 


However, these two substances are not identical; the diethylic 
ethylene urea instead of giving diethylic ethylene-diamine and 
ammonia under the influence of alkalies, gives ethylene-diamine and 
ethyl amino : 



Diethylic ethylene-uron. Potash. PotasBic embonnto. Ethybunine. 



KtliyU’iMf-dinjninc. 


llio isomerism observed between these two diethylie-cthlyeno ureas, 
is of the same kind as that wo have described between the dicthyl- 
urea obtained by cthylaminc and cyanic ether, and that obtained from 
cyanic acid and dietliylamine. 


QUINONIC GROUP AND ITS HOMOLOGUES. 

There exists in the cinchonas an acid, quinic acid (O 7 H 1? O 0 ), which 
to a certain extent belongs to the benzoic scries. M. Lautemann has 
shown that, under the influence of hydriodic acid, it is transformed into 
benzoic acid : 

Fjiist Part. 

(C 7 H ,! 0 8 ) + s(®}) = 4({}}o) + 4(J}) + (CTPO*) 

Quinic add. Hydriodic acid. Water. iodine. Unfyiown 

body. 
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Second Part. 

(C 7 H u O‘) 4- 3(j}) = + (C T H 4 0 ! ) 

Unknown Iodine. Hydriodic Benzoic 

body. acid. acid. 

According to M. Lautemann, the production of the intermediate 
body C r H 12 O a is probable ; but it has not been isolated. 

When quinic acid is submitted to the action of oxidizing agents, it is 
transformed into a substance whoso formula is C # II 4 0 2 , and which lias 
received the name of quinono : 

(C 7 IF0 8 ) + q| = (CO 2 ) + 4(JJ[ O) + (OTTO') 

Quin 1c acid. Oxygen. Cnrbonic Water. Quinono. 

anhydride. 

Quinone readily fixes H 2 under the influence of reducing agents, and 
is transformed into hydroquinone C 6 TT*0 2 . Quinone and hydroquinone 
combine and form a compound called green hydroquinone, the formula 
of which is 0 6 n 4 0 2 ,C 6 IT0 2 , and the colour of which resembles that of 
ilio wings of the Spanish fly. 

* Tn quinone or hydroquinone four atoms of hydrogen may be replaced 
ember separately or simultaneously, by chlorine. 

When perchlorinated quinono is treated by potash, the potassic salt 
of bichloro-quinonic acid is obtained : 

(C-CTO-) + 4(£}o) . J(5|) + 2({J}0) 

I’orchloro-qulnonc. Potash. Chloride of Wider. 

poliuwium. 



Potansic bichloro- 
quinonatc. 


There exist two chloroquinonic amides : chloroquinonamide 
(C e Cl a H 4 0 2 N 2 ), and bichloroquinonamic acid (O e H 3 Cl 2 NO s ). 

Quinonic acid C 8 H 4 0* is not known, but its existence cannot bo 
doubted, as its chlorinated derivatives are known. 

What are the rational formulas proper for all these bodies ? 

According to my idea, quinone is an aldehyd of the second degree, 
derived frpm an unknown glycol C 8 Il 8 O a by elimination of IT 4 , and 
hydroquinone is an aldehyd of the first degree, derived from the same 
glycol by elimination of H a only. According to this hypothesis, the 
different bodies of which we have spoken take the following formulae : 

n . C*H 2 0 2 " \ 

Quinone pp | 
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Bichloroquinono or chloride of quinoyl . 

Perchlor mated qninone or porchlorinated chloride | 
of quinoyl ) 

Quinonic acid 

Bichhuoquinonic acid 

Quinonine diamide 

Bichloroquinonic diamide 


C 8 H 2 0 2 ' 1 
Cl a 'f 

C 6 Cl*O f ") 
Cl* f 

cwio- 

cW'}o- 

OTPO 2 ") 

h* In* 
if J 

C 6 Cl*O a " 

H 2 VN 2 
H 2 


Quinonamic acid 



liiohloroquinonamic acid 


row') 0 J 

L H 

H 


N 


Hydroquinone 



Green hydroquinone should he regarded as a simple combination of 
qrfinone and hydroquinoiie, and this combination is easy to imagine, 
because neither quinone nor hydroquinone are saturated. 

If our view of hydroquinone bo correct, if this body is an aldelivd, 
the existence of an acid may bo foreseen which should have for formula 

^ II 2 } 0*) = C 6 II*0\ and which would be biatomic and monobasic. 

Gerhard t. hns admitted the formulae we have given for quinone and 
tho acids derived from it, but he has not proposed one for hydroqui- 
none. 

Hydroquinone is isomeric with pyrocatechol (oxyphenic acid). 

Two homologues of quinone are known ; these are phlorone CTFO 8 , 
obtained by the oxidation of ordinary phenol mixed with cresylic 
phenol, and thymoyl C ls H lfl 0 8 , obtained by the oxidation of thymilic 
phenol or thymol C l0 H 14 O. 

Bodies which are homologues of hydroquinone and green hydroqui- 
none correspond to phlorone and thymoyl. 

It is difficult to explain how tho oxidation of cresylic phenol and 
thymilic phenol can give rise to compounds which are more carburetted 
than these phenols themselves. 
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COMPOUNDS NOT CLASSED IN ANY OF THE FOREGOING 

SERIES. 

Besides the compounds of various classes of which we have been 
speaking, there are others which are not included in these piincipal 
series. Among these bodies, some without: doubt do belong to these 
series, but they are as yet so imperfectly known that the places they 
should occupy cannot at present be determined. With others, again, 
this is very doubtful, although possible, as in the case of the albumi- 
noid substances, which, properly speaking, do not constitute chemical 
species ; they are organs, or the remains of organs, whose history 
belongs to biology rather than to chemistry. We only speak of them 
here because it is usual to includo them in works on chemistry. 

Those compounds may be divided into live groups: 

1st. The natural alkaloids. 

2nd. Uric acid and its derivatives. 

3rd. Xanthine, hypoxanthino, guanine, creatine, etc., bodies which 
have all intimate relations to each other. 

4th. Albuminoid principles. 

5th. Gelatinous substances. 

NATURAL ALKALOIDS. 

There are extracted from certain vegetables, bodies w^ch can com- 
bine directly with acids to form salts, in the same manner as ammonia 
and the artificial organic alkalies. These bodies are called natural 
alkaloids, and may be divided into two classes. 

The first class includes those which do not contain oxygen. They 
are volatile, and consequently are termed volatile natural alkaloids. 

The second class contains those which are oxygenized, and are called 
fixed alkaloids, because the greater number of them cannot be reduced 
to vapour.* 

VOLATILE ALKALOIDS. 

Extraction. — These alkaloids exist in vegetables, sometimes in the 
state of soluble and somotimos in that of insoluble salts. If they are 
in the former state, a concentrated decoction of the plant is made 
and an excess of potash is added to this solution, which is then shaken 
with other. The alkaloid set free dissolves in this liquid, as do also 
some impurities. The ether is then saturated with a dilute acid, where- 
by a salt is formed which is soluble in water, but insoluble in ether, 
so that the impurities remain in this latter liquid, while the alkaloid 

* The recent researches of Dr. Helwig prove that the natural ulkaloiris may he 
volatilized in minute quantities uucliunged, and Dr. Guy, in u scries of estays, hue 
shown how this may be taken advantage of so as to detect even the of u grain. 
For a summary of the results of his experiments, see the “ Pharmaceutical Journal,' 
October,*1867, page 197 .— (Trs.) 
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passes into aqueous solution. On submitting this solution to the same 
treatment as the original decoction, an ethereal solution of the alkaloid 
is obtained : this is heated for some time at 100° in order to drive off 
the ether, and the residue is distilled. 

Niootina is extracted from tobacco by this process. 

The plant may also be distilled in presence of potash, the distilled 
product saturated by sulphuric acid, evaporated to dryness, and redis- 
solved in alcohol, which takes up the salt of the alkaloid sought for, 
but not the sulphate of ammonium which is always mixed with it ; flic 
alkaloid may then be extracted from its sulphate as in the preceding 
process. Conia is extracted in this manner from the seeds of the hem- 
lock. 

If the alkaloids be in the state of insoluble salts, they should first 
be transformed into soluble salts by boiling the plants with dilute 
hydrochloric or sulphuric acid. 

Properties. — The properties of these alkaloids are perfectly similar 
to those of the artificial alkaloids, with which they should be classed. 
Ono part of their hydrogen may be replaced by alcohol radicles. But, 
on introducing one or at most two alcohol radicles into the bodies of 
this class actually known, they are transformed into quaternary 
ammonias. These compounds are therefore either secondaiy or tertiary 

alkaloids. Thus, conia (C 8 IPN) is a secondary alkaloid ^ ^ j 

As these bodies have never been produced synthetically, it is almost 
impossible to know whether tho radicles there substituted for H 2 or II 3 
constitute indivisible bi- or tri-atomic groups, or whether they consti- 
tute several different monatomic groups : conia may have for formula 


C 4 H 7 '] \ 

C 4 II 7 ' > N I quite as well as 

, Hj / 



Although it is known that the alkaloids of which we speak have a 
constitution analogous to that of the compound ammonias, it is im- 
possible at present to decide to which series they belong, and for this 
reason we have placed them among those bodies whose series have not 
been determined. These alkaloids aro very active poisons. 

One of the most important among them is nicotina, the alkaloid of 
tobacco. 

Nicotina has the formula (C 10 H 14 N 2 ). It is a transparent, colourless, 
oleaginous liquid, having a slight odour of tobacco and a burning taste. 
Its density in the liquid state is 1*033 at 4°, and its vapour density is 
5*607. 

Nicotina gradually absorbs the oxygen of the air, becoming yellow 
and thick ; it easily dissolves in water, alcohol, ether, and the essence 
of turpentine, and is very hygroscopic, absorbing as much as 177 per 
cent, of water when in a saturated atmosphere. Thus hydrated, it 
becomes solidified in a mixture of ice and salt. When dried over 
potash and anhydrous, it remains fluid at — 10°. 
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It boils at about 250°, Becoming slightly altered. The best method 
of obtaining it perfectly pure is to distil it with water or in vacuo. 
Its vapours are so irritating that respiration is exceedingly difficult in 
any room in which a single drop of this alkaloid has been volatilized. 

Nicotinais lsevogyrato ; its aqueous solution is strongly alkaline, and 
precipitates a great number of metallic salts. 

Iodine combines with this alkaloid, and gives a new alkaloid — iodo- 
nicotina (C 10 H l4 N a I 6 ), which, like nicotina itself, can give crystallized 
salts. This iodo-nicotina is decomposed by heat, liberating iodine. 
Potash also separates the iodine from the nicotina. 

Kicotina, derived from two molecules of ammonia, unites with two 
fholecules of monatomic acids ; its hydrochlorate is (C 10 II I4 A 2 ,2IIC1). 
Treated with hydriodic ethers, nicotina gives ethylated or methylated 

/(PH 77 " i \ 

derivatives of the compound ammonium (C a II 8 N) = f jj i N j. 

(C 10 H W N') + 2(°Y}) = 2(gg"]N.l) 

Nicotina. Iodide of ethyl. Iodide of ethyl -niwtyl- 

aiuiuouiuiii. 

This mode of action, quite unusual with the hydriodic ethers, tends 
to prove that nicotina contains the triatoraic group (CTT 7 ) twice ; its 

l^mula, according to this, would be ( (jqpmfNM. 


FIXED ALKALOIDS. 

Extraction. — The process of extraction differs a little, according to 
whether these bodies are soluble in water or not. W hen they are in- 
soluble in this liquid, as is generally the case, a decoction of the plant 
is made, either with pure water if the salts contained in the plant are 
soluble, or with water acidulated by a mineral acid if the contrary be 
the case ; then, after filtering and sufficiently concentrating the solu- 
tion, it is precipitated by lime, ammonia, or carbonate of sodium. The 
precipitate is collected on a filter, washed and dried. It is then 
treated with alcohol, which dissolves the alkaloid, and the solution is 
filtered and evaporated. Sometimes it is useful to decolorize the 
alcoholic solution by animal charcoal. Often, also, tho purification 
requires a series of operations which cannot be described here, because 
they vary in each particular case, but which are included in the 
general processes of proximate analysis which we have given else- 
where. 

When the alkaloid is soluble in water, we obtain either a soluble 
sulphate or hydrochlorate by the different methods mentioned in tho de- 
scription of proximate analysis. When the hydrochlorate is obtained, 
the solution of this salt is treated with a slight excess of oxide of silver, 

3 A 2 
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and when it is the sulphate which is produced, the liquid is exactly 
neutralized by baryta water in order to remove the sulphuric acid. 

In either case the alkaloid remains in solution in the water, and the 
liquid is filtered and evaporated. 

Properties. — 1st. A great number of these alkaloids possess very 
marked basio properties, and saturate the strongest acids. All are 
oxygenized. 

2nd. Iodized iodide of potassium, the solution of tho double iodide 
of potassium and mercury, the phospho-molybdate of sodium, and gal- 
lotannic acid, precipitate all the alkaloids without exception, even in 
dilute solution. The potassic iodide of mercury and the phospho- 
molybdate especially are very useful in an analytical point oT 
view. 

3rd. When distilled with potassic or sodic hydrate, fixed alkaloids 
are generally decomposed, and among tho products of their decom- 
position volatile alkaloids are found. For instance, under these 
conditions cinchonine furnishes quinoline (C B H 7 N), lepidine (C ,0 H 9 N), 
pyrridine (O 10 II 5 N), piccolino (C a H 7 N), lutidine (C 7 H"N), and colli- 
dine (C 8 H U N). 

4th. When the iodide of ethyl or of methyl acts on these bodies, a 
direct addition takes place. The iodide thus formed, submitted to the 
action of moist oxide of silver, gives rise to a hydrate of quaternary, 
ammonium.* All these bases should therefore be considered 4s 
tertiary. They are, moreover, sometimes monamines, sometimes di- 
amines, etc. 

5th. These alkaloids are generally very powerful poisons, or, at least, 
very active medicines. 

Constitution of fixed Alkaloids. — For a long time tho natural 
oxygenized alkaloids were compared to the ureas, that, is to say, they 
were believed to be basic amides. This hypothesis can scarcely be 
admitted, at least for those whose basic properties are well marked. 
Basic*amides, like ureas, are always very weak bases. 

The natural oxygenized alkaloids should rather be considered as 
resembling the artificial oxygenized alkaloids discovered by M. Wurtz. 
Tho only point in which they differ is that they do not., like these 
latter, possoss three replaceable atoms of hydrogen. This difference 
can, however, be very easily explained. The alkaloids of M. Wurtz 
would no longer possess replaceable hydrogen if alcohol radicles were 
substituted for those they contain : thus the hypothetical alkaloid 
which would probably bo obtained by substituting three atoms of 

ethyl for three of hydrogen in trioxethylamine jo^ 3 N 

might properly be compared, from i+s properties and composition, to 
the natural oxygenized alkaloids : 

* It is known that an alkaloid is at the fourth degree of substitution when the 
iodide of methyl produces no further substitution in it. 
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C l2 H 4? NO s 


The following arc the principal natural alkaloids : 


Alkalies from the Seeds of the Peganum Harm ala. 

ITarnialino C ,S *1I ,4 N“0 

Harraine C la lP 2 K 2 0 


Alkaloids from Oi*ium. 


Morphia . 
Codeia 
Thebaia . 
Papavcrino 
Narcolina 
Narccin . 


C 17 Il 1B N0 3 ,aq 

C w lI* J NO\aq 

C ,!, Il 3l i\O s 

OTPXO 4 

C a:, II f5 N0 7 

(PJPTsO 9 


Alkaloids from tiie Siryciinos Tribe. 

Strychnia C^fPN'O 2 

Brneia C 23 II w ]\ T2 0Vlaq. 

Alkaloids from the Cinchonas. 

Quina \ 

Quinidine [ C 20 II w N 2 O 2 ,w:iq. 

Cinchonia ] 

Cinchonidine tc*H 24 K 2 0 

Ciuclumicinc J 

Aricine C M H 46 M 2 0 4 


The Alkaloid from Aconite. 
Aconitia C^IF^NO 7 

The Alkaloid from Veratrum Album. 
Veratria C a2 II fi2 X 2 0 8 

The Alkaloid from Belladonna. 
Atropia C 17 1FW 



726 


FKINCIFLES OF CHEMISTRY. 


STUDY OF THE MOST IMPORTANT FlXED ALKALOIDS. 

Morphia (C l7 H l0 NO 8 + 2aq). — Id order to prepare morphia, opium is 
exhausted several times by lukewarm water, and pressed after each ex- 
haustion. The liquids are then evaporated at 65° or 75° by means of a 
current of vapour, 100 grammes of powdered marble for each kilogramme 
of opium having first been added. W hen the liquid has acquired the 
consistence of syrup, water is added, the meconate of calcium deposited 
is separated by filtration, and the liquid is concentrated by a gentle heat. 
Then a solution consisting of 100 grammos of water, 60 grammes of 
chloride of calcium and 8 grammes of hydrochloric acid for each 
kilogramme of opium, is added to the hot concentrated liquid, and the 
mixture is left alone for 15 days. At the end of this time, the crystals 
of hydrochlorato of morphia which are deposited are expressed in a 
linen cloth, dissolved in alcohol, and again crystallized after their 
solution has been bleached by animal charcoal. 

Morphia may bo very easily prepared from this hydrochlorate by 
dissolving it in water and precipitating the solution by ammonia. But 
it is important that no more than the sufficient quantity of this reagent 
be employed or the morphia would be lost, as it is soluble in ammonia.. 

Genuine Smyrna opium contains from 10 to 15 per cent, of morpMa. 

In order to obtain perfectly pure morphia, it must be exhausted by 
ether, which has no action on morphia, but dissolves the small quantity 
of nai eotina which it usually contains. Morphia crystallizes in transpa- 
rent crystals of tho fourth system. A thousand parts of cold water 
dissolve about one part of morphia ; boiling water two, alcohol fifty, 
and other scarcety any traces of it : fixed alkalies and ammonia readily 
dissolve it. Its solutions are very bitter, and are hevogyrate. 

The crystals of morphia melt when heated, disengaging 5*04 per cent., 
that is .to say, one molecule of water of crystallization ; on cooling, the 
melted mass assumes a stellate appoarance. If heated more strongly it 
becomes charred, emits an odour of rosin, and even burns with a bright 
red flame. On contact with concentrated nitric acid, morphia assumes 
a beautiful rod colour : its solution reduces iodic acid and precipitates 
iodine. In presence of morphia, chloride of gold assumes a blue shade ; 
pcrclilorido of iron also becomes blue, but this colour is extremely 
evanescent. 

With morphia, iodine gives a compound called iodomorphia, whose 
formula appeal's to bo 4(C 17 H l0 NO s l fl ). 

Heated to 200° with caustic alkalies, morphia disengages methy la- 
mine. 

The iodides of methyl and ethyl react on morphia when hot, and 
transform it into iodide of quaternary ammoniums which furnish the 
corresponding hydrates when submitted to the action of moist oxide of 
silver : * 
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(CHTOO*) + * (C a H*I) = (C ,T H l, (C*H*)NO s .l) 

Morphia. Iodide of iodide of morpbyl-ethyl- 

etbyL ammonium. 

On treating morphia with dilute acids, salts are obtained which 
readily dissolve in. water and in alcohol, are insoluble in ether, very 
bitter, and generally crystallizable. 

With caustic alkalies and with ammonia these salts give a precipitate 
of morphia, soluble in an excess of the reagent: they are also precipi- 
tated by the general reagents of the alkaloids (tannio acid, iodized 
iodide of potassium, etc.). 

In the action of oxidizing agents on morphia, a simple oxidation of 
tliis alkaloid appears to be produced. By treating a solution of the 
hydrochlorate of morphia with nitrate of silver at 60°, M. Scliiitzen- 
berger has obtained a disengagement of binoxido of nitrogen, and the 
deposition of the slightly soluble hydrochlorate of a new base, the 
formula of which is (C 17 H l9 N0 4 ) ; only differing therefore from morphia 
by containing one atom more of oxygen, and which for this reason 
M. Schiitzenberger calls oaymorphia. 

On causing the nitrite of silver to act on a boiling concentrated 
solution of hydrochlorate of morphia, the same author has obtained a 
second base containing one molecule of water more than the preceding : 
its formula is (C ,7 H 21 NO f> ). 

»Whcn one drop of a solution of a salt of morphia conlaining 1 per cent, 
of this substance is mixed with 10 or 15 drops of a solution of nitrate 
of silver of the strength of 1*77 per cent., after agitating for several 
minutes a beautiful precipitate of reduced silver is obtained. If tlie 
nitrate of silver have been previously heated in a porcelain capsule, 
the reduction of the metal is almost instantaneous, and the silver forms 
an adhesivo layer on the capsulo. 

The salts of nioipliia chiefly used arc the hydrochlorato, tho acetate, 
and the sulphate. 

The hydrochlorato dissolves in 20 parts of cold water : in tho solid 
state it presents the appearance of silky tufts ; its formula is 
(C ,7 H 10 NO s ,HCl+:?aq.). 

The formula of the crystallized sulphate is [(0 ,7 n ,9 N0 a ) 2 H 2 S0 4 -f-5 aq.] 

Tho formula of the acetate is not accurately known. It is an in- 
stable salt which crystallizes with difficulty and which, when left 
alone, loses acetic acid. 

Morphia is a powerful poison ; its salts are used in medicine in doses 
of from £ to £ a grain. 

Codeia (0 18 H 2l N0 3 -j-aq.). — In the preparation of morphia, the crystals 
of hydrochlorato which are obtained, and then decomposed by ammonia, 
contain small quantities of codeia. This alkaloid remains dissolved 
when the morphia is precipitated by ammonia. After separating the 
precipitate, the liquid is evaporated over a water-bath to remove the 
slight excess of ammonia, in order that all the morphia may be deposited. 
This* new deposit is separated by filtration, the filtered liquid is con- 
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oentratod and precipitated by caustic potash/ The precipitate of codeia 
is washed, dried, and dissolved in ether, from which it is deposited 
in crystals. In order to obtain pure codeia, before crystallizing the 
procipitate must be redissolved in hydrochloric acid, its solution 
decolorized by animal charcoal and again precipitated. 

Codeia takes the form of large octahedral crystals of the fourth 
system, containing one molecule of water of crystallization. It melts 
at 150° and decomposes at a higher temperature. This alkaloid dissolves 
in water more readily than morplda: 100 parts of water dissolve 1*20 
parts at 15°, and 4 parts at 100° ; it dissolves readily in alcohol and 
ether; this latter property distinguishes it from morphia. 

Codeia is leevogyrato. Its solutions restore the blue oolour to litmus 
reddened by acids. 

It is not reddened by nitric acid, and does not assume a blue colour 
under the influence of ferric salts. It is employed in medicine os an 
anodyne in the same cases as morphia : its action appears less 
irritating. 

The salts of codeia are almost all crystallizable, but they have not 
been much studied. With codeia, iodine gives a compound, iodocodeia, 
which has the formula (C 18 H 21 NO a ,I 6 ) and which decomposes at 100°. 

A concentrated alcoholic solution of codeia absorbs cyanogen, first 
assuming a yellow, then a brown colour. The liquid gradually deposits j 
crystals of cyano-codeia (C 18 II 2l N0\0y 2 ). 

Narcotina (C 23 I1*°N0 7 ). — Narco tin a is found in the cake of opium 
which remains under the press when this substance has been exhausted 
by water. In order to extract this alkaloid, the cako is treated with 
dilute hydrochloric acid which dissolves the narcotina, and tho cake 
is again pressed. The acid solution is then precipitated by carbonate 
of sodium, and tho dried precipitate is exhausted with boiling alcohol 
of 80 per cent. Tho alcoholic solution when suitably evaporated 
deposits crystals of narcotina, which are purified by a fresh crystal- 
lization, or if necessary by means of animal charcoal. 

Narcotina crystallizes in right prisms having a rhombic base, or in 
flat, colourless, transparent brilliant needles grouped in bundles. It 
is insoluble in cold water, and boiling water only dissolves to w ; it is 
very slightly soluble in ether or alcohol. Its solutions are bitter, and 
do not restore the blue colour of reddened litmus. 

Narcotina is strongly lasvogyrate ; acids modify this rotatory power 
considerably and change its direction. 

Neither ammonia nor potash dissolves narcotina, and ferric salts do 
not assume a blue colour under its influence. 

At 170° narcotina melts into a liquid which crystallizes when cooled 
slowly, but when rapidly cooled becomes an amorphous mass ; a little 
above its fusing point it becomes coloured ; at 220° it swells out, 
disengages ammonia, and leaves humopic acid ; heated to 200° in a 
closed tube with water, it dissolves, giving a veiy bitter reddish- 
yellow liquid. 
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When distilled with poiash, narcotina furnishes a volatile alkaloid, 
which, according to Worthoim, is tritylamine (propylamine), or per- 
haps its isomer trimethylamine. 

Under the influence of oxidizing agents, narcotina gives a number 
of products which the scope of this work docs not permit us to study. 

Narcotina acts less powerfully than morphia on (lie animal economy ; 
it is, however, sufficiently poisonous to kill a dog when administered in 
a dose of a gramme and a half (2d grains). 

As the basic properties of narcotina are very feeble, its salts formed 
by combination with acids have very little stability. These salts 
decompose when their solutions are evaporated, and sometimes even 
when they are diluted, Tho sub-acetate of lead precipitates their 
narcotina, which distinguishes this body from the greater number of 
the other organic alkaloids. 

Strychnia (C 41 H w N 2 0 2 ). — This body is extracted from the boan of 
the strychnos Ignatii, and from mix vomica, in which it is found mixed 
with brucia, and which, though it contains less than the St. Ignatius’s 
bean, is much cheaper, and is therefore employed exclusively in tlio 
preparation of this alkaloid. 

The nux vomica beans are reduced to powder, exhausted with vory 
dilute boiling sulphuric acid, and pressed. The acid liquid is then 
saturated by an excess of hydrate of calcium. There is thus formed a 
precipitate of calcic sulphate, strychnia, and brucia, which is collocted 
on a filter, pressed, dried, and acted upon by boiling alcohol, which dis- 
solves the strychnia and brucia. This solution is filtered while hot ; 
and on cooling the greater part of the strychnia is deposited from the 
alcohol in a crystallized state, while tho brucia remains in solution, 
and may be obtained by the evaporation of the liquid. These two 
alkaloids are then purified by repeated crystallizations from alcohol. 

Strychnia crystallizes in octahcdra having a rectangular base, or in 
quadrilateral prisms terminated by pyramids having four faces. It is 
colourless, inodorous, intensely bitter, and leaves a disagreeable after- 
taste. 

Ono part of strychnia requires 6667 parts of water at 10° for its solu- 
tion, and 2500 parts of boiling water. Ordinary alcohol dissolves it 
pretty freely, absolute alcohol very slightly, and ether not at all : the 
essential oils dissolve it readily. 

Strychnia in alcoholic solution is strongly levogyrate, but this 
rotatory power is modified by acids. Distilled with caustic potash, 
strychnia furnishes a volatile alkaloid whose formula is (U a H 7 N ), and 
which is knQwn as quinoline. When mixed with binoxide of lead or 
bichromate bf potassium, and then moistened with sulphuric acid, 
strychnia assumes a beautiful blue colour, which quickly becomes 
violet, then red, and finally pure yellow. 

Concentrated nitric acid does not impart a red colour to strychnia; 
at most it only turns it yellow. 

Strychnia is one of tho most poworful poisons known : livo eouti- 
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grammes (| grain) of this body kill a man' in a quarter of an hour, 
producing violent attacks of tetanus. According to M. Vella, woorara 
injected into the blood is the best antidote for strychnia : under its 
influence, the symptoms of poisoning suddenly cease. This property, 
possessed by woorara, is not owing to any chemioal combination taking 
place between it and strychnia, but to its action on the animal 
economy, which is the reverse of that of strychnia. 

Under the influence of chlorine, strychnia gives products of substitu- 
tion which retain all the poisonous properties of this alkaloid. Iodine 
converts it into iodostrychnia [(C^H^ITO 2 ) 4 ,! 0 ]. 

Submitted to the influence of iodide of methyl, strychnia gives a 
now alkaloid, which is derived by the substitution of one atom df 
methyl for an atom of hydrogen. This body is not poisonous. 

The salts of strychnia aro very bittor : the carbonate of sodium and 
the caustic alkalies added to their solutions give rise to precipitates 
which are insoluble in an excess of the reagent. Ammonia causes the 
formation of a precipitate which an excess of the reagent redissolvcs, 
but which again precipitates after a certain time, and does not after- 
wards dissolve, whatever may be the quantity of ammonia added. 

Strychnia is used in paralysis. Its sulphate has been unsuccessfully 
tried in cholera. 

Brucia (C 23 H“N 2 0 4 •+ 4 aq.). — We have already seen how this alka- 
loid is extracted from the vegetables which contain it ; the following 
aro its properties : 

Brucia crystallizes in right rhombic prisms. It is very slightly 
soluble in water, but rather more so than strychnia ; it is very solublo 
in alcohol, and insoluble in ether. Its solutions are laevogyrate, but 
acids weaken its rotatory power. 

The crystals of brucia contain four molecules of water of crystalliza- 
tion, which they lose by efflorescence. 

Concentrated sulphuric acid imparts first a rose colour, then a yellow, 
and finally a yellowish-green colour to brucia. Concentrated nitric 
acid turns it a beautiful red colour ; and, according to Gerhardt, nitrate 
of methyl is disengaged in this reaction. 

Distilled with sulphuric acid and peroxide of manganese, this alka- 
loid gives, amongst other products, formic acid and an inflammable 
liquid, which appears to be methylic alcohol. 

With iodine, brucia gives two special compounds ; the formula of 
one is [(C^H 2 ^ 4 ) 2 ,! 6 ], and that of the other [(C^H 26 ^^ 4 ) 4 ,! 6 ]. 

With chlorine and bromine, brucia gives products of substitution. 

The salts of brucia have a bitter taste, and most of them crystallize : 
nitric acid colours them red like brucia itself. 

They are decomposed by fixed alkalies, which precipitate brucia 
from their solutions. Ammonia also precipitates brucia. This is dis- 
solved in an excess of the reagent, but is deposited after a time, and 
then will not again dissolve in ammonia. 

Strychnia and morphia displace brucia from its salts. 
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Aqueous solutions of these salts mixed with a slight excess of tartaric 
acid do not become cloudy by the addition of alkaline bicarbonates. 

Quina (C^H^N^O*) +.naq. — Quina is found in the different species 
of cinchonas, where it is mixed with cinchonia. The yellow cinchona 
contains the greatest quantity of it ; but as it is veiy expensive, a 
species of cinchona of an inferior quality imported from Australia is 
largely used in the manufacture of the sulphate of quina. 

In order to extract quina from cinchona, the latter is reduoed to 
powder, then boiled Bevoral times with dilute hydrochloric or sulphuric 
acid, the cinchona being pressed after each boiling. When it is ex- 
hausted, the liquids are mixed and precipitated by carbonate of 
sodium : quina, cinchonia, and several impurities separate from the 
liquids ; this deposit is collected on a linen cloth, pressed, dried, and 
exhausted by alcohol of 85 or 90 per cent. 

This solution is treated by a quantity of dilute sulphuric acid just . 
sufficient to saturate tho alkaloids, after winch the alcohol is removed 
by distillation: on cooling, the sulphate of quina crystallizes, while 
the sulphate of cinchonia, which is much more soluble, remains in 
solution. The crystals are separated by straining, and are purified by 
repeated crystallizations, the solutions being treated with animal 
charcoal. 

Tho mother-liquor still containing quina, it is precipitated by 
carbonate of sodium, the precipitate is again dissolved in sulphuric 
acid, and tho sulphate of quina is separated by fresh crystallizations. 

Of late years this process has been slightly modified. Instead of 
exhausting the cinchona by an acid, precipitating by alkaline carbonate 
and rcdissolving the precipitate by alcohol, an alcohulic solution is 
obtained directly. 

To effect this, the powdered cinchona is mixed with lime, and then 
exhausted by alcohol. The limo seizes the quinic acid and tannin of 
the cinchona (red cinchonia) with which tho alkaloids arc combined, 
and those set free are dissolved in the alcohol. 

The pure sulphate of quina is extracted from this alcoholic solution 
as in the preceding process. 

Pure quina may be obtained by precipitation from its sulphate by a 
mineral alkali. 

Quina thus prepared is a white amorphous mass. It is inodorous, 
very bitter, soluble in about 550 parts of cold and 400 parts of boiling 
water, in 2 parts of cold alcohol, 60 parts of ether, and 6 parts of 
chloroform. The fatty and essential oils also dissolve it. Its alcoholic 
solution is lpevogyrate, but this rotatory power diminishes as tho temper- 
ature increases, and augments under the influence of acids. 

Quina is a powerful alkaloid : it restores the blue colour to litmus 
paper reddened by acids ; with most acids it gives well-defined salts, 
and dissolves in water containing carbonic anhydride, forming a 
soluble carbonate. 

When a dilute solution of sulphate of quina is precipitated by excess 
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of ammonia, and the mixture left for some time, fine needles form 
which contain three moleoulesof water of crystallization: this hydrate, 
like pure quina, is not deposited in crystals from its solution in 
alcohol. 

Another hydrate, only containing one molecule of water, is obtained 
by leaving quina recently precipitated for a long time in contact with 
air, care being taken to keep it moist : this second hydrate may be 
recrystallized from alcohol. 

Dilute acids readily dissolve quina. These solutions are strongly 
dichroic, that is to say, they present a blue colour when interposed 
between the eye and the light. 

Concentrated sulphuric acid and nitric acid dissolve quina when 
cold without colouring it ; when hot, the solution obtained by means 
of sulphuric acid turns red, and then black. 

When chlorinated water and a few drops of ammonia are added to 
the solution of a Balt of quina, a green colour is produced. This colour 
becomes violet, and then deep red, by a further addition of chlorinated 
water, if care have been taken not to employ an excess of ammonia. 

When chlorinated water, concentrated and free from hydrochloric 
acid, is poured into a solution of sulphate of quina, and powdered ferro- 
cyanide of potassium is added, the liquid soon assumes a deep-red 
colour : the same colour is produce d when lime water, or baryta water, or < 
sodio phosphate or borate are substituted for the potassic ferrocyanide. 

When rubbed up with iodine, quina gives a brown matter; the same 
probably as is precipitated when the solution of a salt of quina is 
treated by iodized iodide of potassium. The formula [(C 80 n 24 N s? O !i ) 2 , 1*J 
has been attributed to this substance. 

A sulphate of iodo quina (C a0 H a4 N a O a riI 2 SO 4 ) is obtained by adding 
an alcoholic solution of iodine to a hot concentrated solution of the 
neutral sulphate of quina in strong acetic acid ; large well-crystallized 
plates of sulphate of iodo-quina are deposited after several hours. This 
salt possesses the same optical properties as tourmaline, and might bo 
substituted for this latter body in the construction of apparatus for the 
polarization of light. 

When quina is distilled with hydrate of potassium, quinoline, or 
rather a mixture of quinoline, lepidine, pyrridine, piccoline, lutidine, 
and collidino is produced. 

The iodides of ethyl or of methyl combine with quina, forming iodides 
corresponding to the alkaloids which, in a free state, are derived 
from the hydrate of ammonium type : 

(C ,o H*N»O a ) + (C 2 IF1) = (CWWHM) 

Quinine. Iodide of Iodide of etbyl-quinyl- 

etliyl. Ammonium. 

Those iodides are transformed into corresponding hydrates by moist 
oxide of silver: the hydi-ates possess very marked basic properties. 

Quina and its salts are very powerful febrifuges. 
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Derived from two molecules of ammonia, quina is biatomio and 
biacid ; it can unite with a molecule of a monatomic acid in order to 
form a basic salt, or with two molecules of the same add to form a 
neutral salt : 

0“°H 24 N 2 0 i ,HCl + 3aq basic hydrochlorato. 

C M H 24 N a O a ,2HCl neutral hydrochlorato. 

Its tendencies are however rather monoacid ; the basic salts arc much 
more stable than the biacid salts. 

Quina also forms two sulphates ; one, the sulphate of commerce, is 
basic, contains two molecules of quina for one of sulphuric acid, and 
has for formula [(C ao H 84 X 2 0 2 ) 2 ,lPS0 4 +7aq.], and tlio other is neutral 
and is produced when a quantity of sulphuric acid equal to that it 
already contains is added to the preceding sulphate. The formula of 
this latter is [C*°H M N*0*,H 2 S0 4 -f-7aq.J ; it is much more soluble than 
the basic sulphate, and it is well in pharmaceutic preparations contain- 
ing this latter salt to add a little sulphuric acid in order to dissolve it. 

Many authors consider the salt wo call basic as neutral, and that wo 
call neutral as acid. But quina being a diamine, the nomenclature wo 
have adopted appears to us to bo preferable. 

The sulphate of quina being a valuable medicine, and at the same 
timo very expensive, it is often adulterated. The substances used for 
this purpose are crystallized sulphate of calcium, boraeic acid, mannite, 
sugar, starch, salicin, stearic acid, and the sulphates of cinchonia and 
quinidine. These different adultorations may bo discovered by tho 
following methods : 

1st. By gently heating the sulphate of quina with alcohol to 21° 
(2 gr. of tho salt to 120 gr. of alcohol), it completely dissolves : an 
insoluble residue, on the contrary, is left if it be mixed with starch, 
magnesia, mineral salts, or certain other foreign substances. 

2nd. Mineral substances which are capable of dissolving in alcohol 
may be discovered by incinerating the salt suspected. Those sub- 
stances remain as residuo, while pure sulphate of quina should not 
leave any ash. 

3rd. Salicin may be known by the deep-red colour that salt assumes 
on contact with concentrated sulphuric acid. 

4th. Stearic acid remains as residue when the sulphate of quina is 
dissolved in acidulated water. 

5th. In order to discover sugar and mannite, the salt is dissolved in 
acidulated waiter, and its solution precipitated by a slight excess of 
barytic hydrate : a deposit of quina and barytic sulphate is formed. 
A current of carbonic anhydride is transmitted through the liquid to 
remove the excess of barium in tho state of insoluble carbonate; then 
it is boiled in order to precipitate the quina which may have been dis- 
solved by means of tho carbonic anhydride, and it is finally filtered. 
If the'sulphate examined be pure, the filtered liquid should not leave 
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any perceptible residue when evaporated: 'it would leave one, on the 
contrary, if this salt contained sugar or mannite. 

Cth. The sulphate of quina always contains 2 or 3 per cent, of sul- 
phate of cinchonia, arising, not from adulteration, but from incomplete 
purification. 

The best method of determining the respective quantities of quina 
and cinchonia contained in the sulphate examined is the following : 

A few grammes of ammonia and ether washed with water are added 
to one or two grammes of the salt ; they are well shaken together and 
then left to rest. An ethereal solution containing all the quina floats 
on the surface, while the cinchonia, being but little soluble in water or 
ether, remains in suspension in a lower aqueous stratum. The ether*is 
separated by means of a funnel with a stopcock, evaporated, and the 
residue it leaves is weighed. The same operation is repeated, chloro- 
form being now substituted for the ether, as it dissolves both the 
quina and the cinchonia. When this liquid is evaporated, a residue is 
left which is heavier than the first. The difference between the weights 
of the two residuos gives the weight of tho cinchonia. 

7th. In order to detect the sulphate of quinidino, the great difference 
in solubility between the oxalates of quina and quinidino is made use 
of. Tho oxalate of quinidino is so soluble in cold water that it is not 
precipitated in the double decomposition produced when solutions oi* 
oxalate of ammonium and sulphate of quinidine are mixed. Under Jtlie 
same conditions, quina, on the contrary, is precipitated so that the 
liquid only retains slight traces of it. The operation is conducted in 
the following manner : 

Ten grammes of the suspected salt are dissolved in water, precipi- 
tated by a slight excess of oxalate of ammonia and filtered. If the 
sulphate be pure, the filtered liquid scarcely becomes cloudy by the 
addition of ammonium ; if, on the contrary, it contain sulphate of quini- 
dine, this latter is wholly contained in the filtered liquid, which gives 
an abundant precipitate when ammonia is added. 

Cinchonia (C*°1I 24 N , 0).--It has been seen that tho mother-liquors 
obtained in tho preparation of sulphate of quina contain also sulphate 
of cinchonia. This latter alkaloid may bo extracted in a pure state by 
precipitating by sodic carbonate and digesting the precipitate in ether, 
which dissolves the quina and leaves tho cinchonia. This latter is 
then dissolved in alcohol, the solution is decolorized by animal char- 
coal, filtered and left to evaporate slowly. The cinchonia is deposited 
crystallized in quadrilateral prisms or in fine colourless and brilliant 
needles, which do not contain any water of crystallization. 

Cinchonia is insoluble in cold water, and requires 2500 parts of boil- 
ing water for its solution ; it dissolves in alcohol less readily than does 
quina, and is almost insoluble in ether ; it is slightly soluble in chloro- 
form, and in the fatty and the essential oils. It has a bitter taste, 
which is developed slowly in consequence of the slight solubility of 
the alkaloid. 
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Solution of cinchonia possesses an alkaline reaction and is dextro- 
gyrate. Its rotatory power is weakened by acids. 

Cinchonia melts a.t 165° into a liquid which, on cooling, becomes a 
crystalline mass. At a higher temperature it is sublimed, emitting an 
aromatic odour. In hydrogen and ammoniacal gases cinchonia may bo 
sublimed in the form of brilliant prisms nearly an inch in length. 

Cinchonia presents considerable resistance to the action of oxidizing 
agents ; it dissolves readily in acids, giving well-defined salts. 

With chlorine or bromine it gives a chlorinated or brominated alka- 
loid. The solutions of its salts do not turn green, like those of quina, 
when ether, chlorine water, and ammonia are successively made to act 
upon them. 

It acts in the same manner as quina with iodine and iodized iodide 
of potassium. 

Distilled with tho hydrate of potassium, it gives, liko quina, a 
mixture of volatile alkaloids containing quinoline (C®H 7 N), lepidine 
(C l ®n*N), pyrridino (C 10 IPN), piccoliue (C°II 7 N), lutidine (CPIPN), 
and collidine (C 8 H ll N). 

Cinchonia is less efficacious as a febrifuge than quina. 

Its salts are generally more soluble in water and alcohol than 
those of quina. 

Like quina, cinchonia forms two salts with each acid ; ono is neutral, 
and contains two molecules of a monatomic acid, or one moleculo of a 
biatomic acid for each molecule of cinchonia ; the other is basic, and 
contains a single molecule of a monatomic acid for one of cinchonia, or 
one molecule of a biatomic acid for two of cinchonia. For example : 

Basic hydrochlorate . . . OTFW.HCl 
Neutral hydrochlorate . . CTl 1 B4 N a O.(IICl) i 

Basic sulphate (C 20 JI 24 N 2 O j*. IFSO'-f-.'Jaq. 

Neutral sulphate .... C*°H 84 N 2 0 . IPSO 1 -f 2uq. 

Cinchonia acts liko quina with the iodide of methyl ; with such 
bodies it forms iodides of alkaloids which, in a free shite, belong to the 
type of hydrate of ammonium, and whose hydrates are obtained by 
causing moist oxide of silver to act on these iodides : 

(C ,20 H* 4 N a O) + (CH 3 I) = (OTP(CH B )N*O.I) 

Cinchonia. Iodide of Iodide of methyl-ciriclionyl- 

metliyl. ammonium. 

Aconitina (C M H 47 N0 7 ). — This alkaloid exists in the leaves of the 
Aconitum napefius. To extract it, these leaves are exhausted by alcohol, 
and the alcoholic solution is treated with hydrate of calcium. The alka- 
loid liberated by this base remains dissolved. The solution is filtered 
and sulphuric acid added. Sulphate of calcium is deposited, and separat ed 
by filtration ; then the solution is evaporated to remove- tho alcohol, 
and the aconitina is precipitated in a more or less impure state from the 
'aquebus solution by means of an alkaline carbonate. The precipitate 
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is redissolved in alcohol, which is evaporated after having been de- 
colorized by animal charcoal. The residue is redissolved in sulphuric 
acid, and again precipitated by an alkaline carbonate : this precipitate, 
treated with other, leaves pure aconitina in solution. 

In a pure state, aconitina is deposited from its solution in dilute 
alcohol in the form of white pulverulent grains, and sometimes also in 
the state of a compact vitreous transparent mass. It is inodorous, and 
very bitter, slightly soluble in cold water, and more so in boiling 
water, of which it requires 50 parts for its solution; this solution is 
strongly alkaline. It dissolves readily in alcohol, but is not soluble in 
other. It is not coloured by the action of nitric acid, but sulphuric 
acid imparts first a yellow, then a violet-red colour to it. 

Aconitina melts at 80°, and, on cooling, becomes a vitreous mass, 
without losing water ; at 220° it becomes brown, and decomposes at a 
higher temperature. 

With aconitina, tincture of iodine gives a precipitate of tho colour 
of kermes. 

Aconitina is a powerful poison, one milligramme of which will kill 
a bird in a few minutes, and five milligrammes will kill it immediately. 
The animal dies with violent tetanic convulsions. It also produces 
dilatation of the pupils. 

The salts of aconitina crystallize with difficulty; they dissolve 
readily in alcohol and in water, but are not deliquescent. The alka- 
lies precipitate aconitina from the aqueous solution of its salts. 

Veratria (C SJf H 6a jN 2 0 B ). — Veratria is found in the fruit of Vcratrmn 
8ahadilla, in white hellebore ( Vcratrum album), and probably in other 
spocies of veratrum. It is extracted from tho fruit of the Voratrum 
sabadilla, which lias the husks removed and is powdered, by a similar 
process to that by which aconitina is extracted from Aconilum napeUus. 

Veratria is generally found in a white or greenish-white crystalline 
powder. It crystallizes in long prisms having a rhombic base by the 
spontaneous evaporation of its alcoholic solution. It is insoluble in 
water, and in alkaline liquids, very soluble in alcohol, and slightly so 
in ether. Its solutions turn litmus blue. 

Veratria melts by heat, and is decomposed at a high temperature. 
Concentrated nitric acid colours it a beautiful scarlet, which afterwards 
becomes yellow ; sulphuric acid colours it yellow, then reddish blue ; 
concentrated hydrochloric acid dissolves it, giving, especially when 
hot, a deop-violet liquid. 

Veratria dissolves in dilute acids. On evaporating these solutions, 
salts are obtained, of which many are crystallizable. Fixed alkalies 
and ammonia precipitate veratria from solutions of its salts. 

' ii*. Veratria is* a powerful sternutatory, and is so poisonous that three 
milligrammes have killed a cat in ten minutes : when administered 
in small doses it causes vomiting and purging. 

Atropia (C I7 ir®N0 8 ). — Atropia is contained in belladonna (Atropa 
belladonna ), and in the roots of the Datura stramonium . 
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To extract atropia from belladonna the roots of this plant are 
digested in alcohol, hydrate of calcium is added to this tincture to 
liberate the alkaloid, and the mixture is then filtered. The filtered 
liquid is saturated by a slight excess of dilute sulphuric acid, then 
boiled, to drive off the alcohol it contains, and finally precipitated by 
carbonate of potassium. As soon as it begins to turn cloudy it is 
filtered, and the atropia crystallizes after a little time. It is purified 
by several crystallizations from alcohol. The temperature must not 
be too high during this process, as atropia is easily decomposed. 

Atropia crystallizes in tufts of silky needles ; it is little soluble in 
water, more so in ether, and very soluble in alcohol. It is strongly 
alkaline, and has a very bitter taste ; it molts at 90°, and is volatilized 
at 140° with partial decomposition. 

Atropia dissolves readily in acids ; its salts crystallize with difficulty, 
and are speedily decomposed in the air. 

Chloric acid dissolves it, but again leaves it by spontaneous evapora- 
tion. Nitric acid attacks it, disengaging reddish vapours. 

When atropia is boiled for some time with concentrated hydrochloric 
acid, an oil is formed which floats on the surface, and on cooling 
becomes a crystalline mass: the body thus produced possesses acid 
properties. The hydrochloric acid holds in solution an alkaloid whose 
formula is*(C 8 II 1fl NO). This alkaloid is crystallizable, and melts at (>0°. 
Afjfopia has been split up into atropic acid and an alkaloid, tropine , by 
submitting it to the action of hydrate of barium. M. Kraut, to whom 
we owe this experiment, has lately shown that the products obtained 
by barium are identical with those obtained by means of hydro- 
chloric acid. 

• The composition of atropic acid now appears to bo definitely settled. 
This acid is an isomer of cinnamic acid, and has the formula (C°I1 8 0*). 
It is true that those who prepared it by means of hydrochloric acid 
wrote it (C'^H^O 5 ), but this is owing to the fact that it is difficult to 
obtain it pure by this method. 

Atropic acid is always accompanied, according to M. Lossen’s recent 
researches, by another acid, which contains an additional molecule of 
water, tropic acid (C B H l0 O 3 ). The formation of these products is ex- 
plained by the following equations : 

1st. (C 17 H* 3 N0 8 ) + (H*0) = (C 9 H ,0 O 3 ) + (CNPNO) 

Atropia. Water. Tropic acid. Tropine. 

2nd. (CTPO 3 ) - H'O = (C'H'O*) 

Tropic add. Water. Atropic acid. 

When a mixture of atropia and iodide of ethyl is heated, a 
crystalline precipitate is formed of iodide of ethy 1-atropini um 
(C 17 H“(C a H 8 )N0 8 I). 

Atropia acts as a violent poison on the animal economy. It dilates 
the pupil powerfully, imparts a dry sensation to the mouth, with con- 
striction of the throat, and causes headache. 

3 u 
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The salts of atropia are only precipitated by the alkalies when their 
solutions are highly concentrated ; tannin only precipitates them in 
presence of hydrochloric acid. 


URIC ACID GROUP. 

The fundamental compound of this group is uric acid (C 5 H 4 N 4 0®). 
This acid exists in the urine of carnivorous animals; herbivorous 
animals do not produce any unless they are kept from food, in which 
case they live at the expense of their own substance, that is to say, are 
brought to the condition of carnivorous animals. 

When uric acid is submitted to oxidizing actions, it splits up into 
urea and alloxan : 

(C“H*N 4 0*) 4 - (2}o) + 0 = (cnw) -I- (CIFN’O) 

Uric acid. Water. Oxygen. Alloxan. Urea. 

If alloxan be acted upon by bases it combines with them ; but when 
we try to separate it from these combinations, alloxanic acid (C 6 H 4 N 2 O fl ) 
is obtained : 

(c 4 n 2 N 2 o 4 ) + (ipo) = (c 4 n 4 N 2 o fi ) 

Alloxan. Water. Alloxanic add. 

When alloxanates are boiled, they are transformed into mcsoxalates 
and urea : 

(C 4 HW'N 2 0 B ) + (11*0) = (C*BaV) + (CIFN*0) 

Burytic alloxanate. Water. Barytic Urea. 

mesoxulate. 

Submitted to the influence of reducing agents, alloxan fixes a 
molegule of hydrogen and is converted into dial uric acid : 

(OTFNK) 4 ) + IF = (C 4 H 4 N*0 4 ) 

Alloxan. Hydrogen. Dialuric acid. 

If tho reducing action be less prolonged, a compound of dialuric acid 
and alloxan is obtained, which results from the condensation of two 
molecules of alloxan into one, with fixation of H 2 : this body is called 
alloxantin : 

2(C 4 H 2 N 2 0 4 ) -f IF = (C g HTO) 

Alloxan. Hydrogen. Alloxantin. 

On mixing nine parts of dialuric acid with five of glycerine dried 
at 160°, and submitting the mixture for some time to a temperature 
of 140° or 150°, a solid mass is obtained which, when freed by water 
from the glycerine it contains, is the ammoniacal salt of a new acid, 
hydurilic acid. . This salt, dissolved in boiling ammonia and precipi- 
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tated when hot by sulphate of oopper, gives a deposit of cuprio 
hydurilate, from whioh the hydurilio acid may be extracted by means 
of hydrochloric acid : 

5(C 4 H«N , 0 4 ) = 2(CTP(NH 4 )N 4 0*) + 3fC0 2 ) + (Cm) 1 ) 

Diolurlc acid. Hydurilate of ammonium. Carbonic Formic acid. 

anhydride. 

Heated with nitric aoid, hydurilic acid furnishes the following 
derivatives : 

Violuric (nitroso-barbituric) acid .... C 4 II 8 (N0)N 2 0 3 . 

Bilituric (nitro-barbituric) acid C 4 H s (X0 2 )N 2 0 3 . 

Violantin (a combination of the two preceding). 0 R H 6 (N0,N0 2 )N 4 0 fi . 

(C 8 H"N 4 0' 1 ) + (NHO s ) = (C 4 H 8 (XO)N 2 O s ) 

Ilydurilic acid. Nitric acid. Violuric acid. 

+ (C 4 TTN 2 0 4 ) + (IPO) 

Alloxan. Wutcr. 

(c 8 irvo 4 ) + 2 (Nno s ) = (C 4 h , (No 2 )N 2 o 1 ’) + (C 4 it 2 n 8 o 4 ) 

Ilydurilic acid. Nitric ucld. Dili turic acid. Alloxan. 

+ (NHO 2 ) + (H 2 0) 

Nitrous acid. Water. 

Violuric and dilituric acids, when treated with bromine, lose f lie 
nitrogenized group they contain and an atom of hydrogen, and take 
in exchange a molecule of bromine ; bibromo-barbituric acid is thus 
•formed : 

(C 4 H s (N0)N 2 0 5 ) -(- 2^|) = (NOBr) + (IIRr) 

Violuric acid. Bromine. Nitrous Ilydrobromic 

bromide. add. 

+ (C 4 I1WN 2 0 3 ) 

Bibromo-barbituric add. 

Undor the action of reducing agents bibromo-barbituric acid can 
furnish monobromo-barbituric acid (0 4 n 8 BrX*0 a ) and barbituric acid 
(C 4 H 4 N*0 8 ) ; when water intervenes in tho reaction, it may bo trans- 
formed into Ilydurilic and dialuric acids. 

Dialuric acid (C 4 H 4 N*0 4 ) is simply oxybarbi turic acid : 

(C 4 H 4 N 2 0 8 ) + O = (C 4 H 4 N 2 0 4 ) 

Barbituric acid. Oxygen. Dialuric acid. 

When barbituric acid is heated for some time, it is converted into 
dibarbituric acid, a molecule of water being eliminated : 

2(0 4 H 4 N*0*) = (H*0) + (OBW) 

Barbituric acid. Water. Dibarbituric udd. 


3 B 2 



740 


PBINCIPLES OP CHEMISTRY. 


Thus, starting from alloxan, the first produot of oxidation of uric 
acid, the following series of compounds are obtained : 

Alloxan (CWIPO 4 ) 

Alloxanic acid (C^fflTO 5 ) = a molecule 

of alloxan, plus a molecule of water. 

Mesoxalic acid (C , H , 0 8 ) 

Dialuric acid (C 4 H 4 N 2 0 4 ) = a molecule 

of alloxan, plus a molecule of hydrogen. 

Alloxantin (C 8 H a N 4 0 8 ) = two molecules of alloxan, plus a molecule 
of hydrogen (a molecule of alloxan, plus one of dialuric acid). 

Ilydurilic acid (C 8 IT 8 N 4 0®) = two molecules of dialuric acid, less an 
atom of oxygen and a molecule of water. 

Barbituric acid (C 4 H 4 N 2 0 3 ) = dialuric acid, less an atom of oxygen. 
Lastly, the brominated, nitrogenized, nitrous, and nitroso-nitro- 
genized derivatives of barbituric acid : 


Bromo-barbituric acid C 4 PBrF0 8 

Bibromo-barbituric acid C 4 H 2 Br*N 2 O s 

Nitroso-barbituric (violuric) acid . . C 4 H 3 (N0)N 2 0 8 

Nitro-barbituric (dilituric) acid . . . C 4 H*(N0 2 )N 2 0 3 

Violantin C l, H*(N0,N0*)N?0 J 


A second group may be ]>lacod beside tliis first one. If alloxan 
be oxidized by means of nitric acid, carbon and oxygen are eliminated 
and parabanic acid (C 3 H 2 N 2 0 3 ) is produced : 

(C 4 H 2 N 2 0 4 ) + O = (CO 2 ) + (C s H 2 N 2 0 8 ) 

Alloxan. Oxygen. Carbonic Purubauic acid, 

anhydride. 

If parabanic acid be treated with ammonia, the ammoniacal salt of a 
new acid, oxaluric acid, is formed: this new acid bears the same 
relation to parabanic acid that alloxanic acid does to alloxan, that is 
to say, it contains a molecule more of water : 

(CTPNW) + (H*0) = (C s H 4 N 2 0 4 ) 

Parabanic acid. Water, Oxaluric add. 

The aqueous solution of oxaluric acid is decomposed by heat into 
oxalic acid and urea : 

(C 8 HW) + (H 2 0) = (C*H*0 4 ) + (CH 4 N*0) 

Oxaluric acid. Water. Oxalic acid. Urea. 

Under the influence of nascent hydrogen, parabanic acid becomes 
doubled and hydrogenized in the same manner as alloxan. Oxalantin 
is thereby produced : 
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2(C*H*N*0*) + gj = (CHITO*) 

Parabanic add. Hydrogen. Oxalantfn. 

Oxalantin appears to be identical with leucoturio acid, which is 
produced when alloxanic acid is decomposed by heat. In this roaction, 
allanturic acid (C 8 H 4 N 2 0 3 ) is also produced, which differs from para- 
banic acid by containing H a more, exactly as dialuric acid differs by 
+ H 2 from alloxan : 

(C*HTO) + JJj. = (VHfXPOF) 

Parabanic acid. Hydrogen. Allanturic acid. 

The same reaction gives rise to hydantoin (C 8 II 4 N a 0 2 ), which repre- 
sents allanturic acid less an atom of oxygen, and which consequently 
is to allanturic acid what barbituric is to dialuric acid : 

(C 3 H 4 N 2 0 3 ) - 0 = (CTPW) 

Allanturic acid. Oxygen. Ilyduntoin. 

The formation of these different products in the decomposition of 
alloxanic acid may be readily understood ; there is first : 

(C 4 HW) = CO 8 + H* + (C 3 H 8 N“0 3 ) 

Alloxanic acid. Carbonic Hydn>gen. Parabanic acid, 

anhydride. 

It is natural that the hydrogen set free should react on parabanic 
acid, and give rise to leucoturic and allanturic acids and to hydantoin. 

When gently heated with baryta water, hydantoin fixes IPO, and is 
transformed into hydantoic acid (C 3 1I 6 N*0 3 ). This body has no analo- 
gous one in the series of alloxan ; if there were one, it would be an 
acid derived from barbituric acid by fixing IPO, and its formula would 
be (0 4 IPls*0 4 ). 

When alloxantin is boiled with hydrochloric acid, a new body, 
allituric acid (C 8 II 6 N 4 0 4 ), is formed. This body bears the same rela- 
tion to allanturic acid and to hydantoin that hydurilic acid bears to 
barbituric and dialuric acids. As hydurilic acid represents a double 
molecule of dialuric acid less an atom of oxygen and a molecule of 
water, so also allituric acid represents a double molecule of allan- 
turic acid less an atom of oxygen and a molecule of water : 


2(C 4 H 4 N*0 4 ) 

- H*0 

- 0 = 

(C*nw) 

Dialuric arid. 

2(C , H 4 N*0*) 

Water. 

Oxygon. 

Hydurilic acid. 

- IPO 

- o = 

(CTFVO 4 ) 

Allanturic acid. 

Water. 

Oxygen. 

Allituric add. 


And as hydurilic acid may be regarded as resulting from the combi- 
nation of a molecule of dialuric acid with ono of barbituric acid united 
with the elimination of IPO, so also allituric acid may be considered as 
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resulting from the combination of a molecule of allanturio acid with 
one of hydantoin with the elimination of H*0 : 

(CWMTO 1 ) + (C*H‘N*0*) = H s O + (CH'N'O*) 

Dialuric acid. Barbituric add. Water. Hydurilic add. 

(C*H 4 N s O*) + (C’HTO) = H*0 + (CHWO 4 ) 

Allonturic acid. Hydantoin. Water. Ailitnric add. 

Tho nitrous and nitric derivatives of hydantoin corresponding to 
violuric and dilituric acids and to violantin have not as yet been pre- 
pared, neither has monobrominated nor bibrominatod hydantoin corre- 
sponding to monobromo- and bibromo-barbituric acids as yet been 
obtained. 

To sum up, there exist seven derivatives of parabanic acid which 
are to this acid what its derivatives are to alloxan : 

Parabanic acid C s H 2 N 2 0 8 . 

Oxaluric acid OTPITO 4 = parabanic acid, plus a molecule of water. 

Oxalic acid C 2 II 2 0 4 . 

Oxalantin or loucoturic acid C g IFN 4 O e = two molecules of parabanic 
acid, plus H 8 . 

Allanturic acid C 8 IPN 8 0 8 = a raoleculo of parabanic acid, plus H . 

Alliturie acid C fi H°N 4 0 4 = two molecules of allanturic acid, less 
IPO, and O. 

Hydantoin C a n 4 N 2 0 2 = allanturic acid, less an atom of oxygen. 

Hydantoic acid C 3 H B N 2 0 a = a molecule of hydantoin, plus IPO. 

In order to show the parallelism existing between these different 
series, we will write them in order : 


CPffllTO 

Alloxan. 

- CO 

= 

C”TI ! N , 0* 

rarabanic acid. 

enw 

Alloxan ic add. 

- CO 

= 

OTTO 

Oxaluric acid. 

C 8 H 2 0 B 

MpsothUc 

add. 

- CO 

= 

(FIFO 4 

Oxalic add. 

CTFIW 

Alloxantin. 

- 2CO 

= 

C 0 H°N 4 O" 

Tx’ucoturlc odd 
(oxalantin). 

c 4 n 4 N*o 4 

Dialuric acid. 

- CO 

= 

C 3 H 4 N*0 3 

Allanturic acid. 

C B H fi N 4 0 G 

Hydurilic acid. 

- 2CO 

= 

C*H*K 4 0 4 

Alliturie acid. 

COTNW 

Barbituric add. 

- CO 

= 

enw 

Hydantoin. 

C 4 H*BrN*0* 

Bromo-barbituric 

acid. 

. . . 


.... 
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caiwiw 

Bibromo-barbituric 

acid. 

C 4 H*(N0)N*0 8 

Vlolarlc add. 

C 4 H“(NO a )N a O* 

Dlllturio add. 

C B H°(N 0,N 0 a )N 4 0® 

Violantin. 

OTPN'O 3 

Uydontoic acid. 

In the parabanic group there are also included : 

1st. Allantoin, which is produced when uric acid is heated with 
water and peroxide of lead : 

(C 5 II 4 N 4 0*) + (H 2 0) + (FbO*) = 0 s ) + (C 4 H«N 4 0») 

Uric acid. Water. riumbic Carlxmatc of Allantoin. 

anhydride. lead. 

and which is found ready formed in the amniotic liquid of the cow. 
Acted upon by hydriodic acid, allantoin splits up into hydantoin and 
urea, and* iodine is deposited : 

(C 4 H*N 4 0 3 ) + = Jf + (CH 4 N 2 0) + (C 3 H 4 N*O a ) 

Allantoin. Hydriodic Iodine. Urea. Hydantoin. 

acid. 

2nd. Tribromacety 1-urea (C^BriN'O 8 ), obtained by causing chlorine 
or bromine to act on bibromo-barbituric acid in presence of water : 

(OTBfflV) + (IPO) + Br 3 = (CO 2 ) 

Bibromo-barbituric Water. Bromine. Carbonic 

acid. , anhydride. 

+ (HBr) + (COTIVN'O 8 ) 

Hydrobromic Tribromacctylic urea, 

acid. 

3rd. Isobiuret (C 2 H 8 N 8 0 8 ), arising from the reaction of ammonia with 
tribromacotyl-urea : 

(PffBWO*) + (NH 8 ) = (C*II 5 N 3 0 2 ) + (CIIBr 3 ) 

Tribromacetylic urea. Ammonia. Ibobiuret. Bromoforni. 

4th. Bromacety 1-urea , which may be obtained by causing the bro- 
mide of bromihated acetyl to act on urea : 

(C 2 H*BrO.Br) + (CH 4 N*0) = (C 3 H fl BrN 2 0 2 ) + HBr 

Bromide of brominated Urea. Bromacctyl-urea. Jlydrobromic 

acetyl. acla * 

Hydantoin may be prepared synthetically by moans of bromacetyl- 
ui cff, which must bo heated with an alcoholic solution of ammonia. A 
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molecule of hydrobromic acid is separated, and the bromacety 1-urea is 
transformed into glyeolyl-urea or hydantoin : 

(C-IPBrN-O*) + (NIP) = (NH 4 Br) + (OTW) 

llromacetyl-urea. Ammonia. Ammonlc Hydantoin. 

bromide. 

To alloxan, to alloxantin, and to dialuric and oxaluric acids, there 
correspond amides, which wo will proceed to examine. 

If hot alloxan be treated with ammonia, a body is obtained which is 
called mycomelic acid, and which is alloxanamide, having the formula 
(0 4 H 4 N 4 0 2 ) : 

(tfHWO 4 ) + 2(NH 8 ) = 2(IPO) + (C 4 H 4 N 4 0 2 ) 

Alloxan. Ammonia. Wator. Alloxanamide. 

When a solution of ammonic chloride is added to a solution of allox- 
antin, dialuramide (uramil) (C 4 II 6 N 3 0 3 ), alloxan, and hydrochloric acid 
are produced : 

(C 8 11°N 4 0 R ) + (NIT01) = (C 4 H c N 8 O s ) -f (C 4 H 2 N*0 4 ) 

Alloxantin. Chloride of J ifoliiramide Alloxan, 

ammonium. (uramil). 

+ (HCl) -t- (IPO) 

Hydrochloric Water, 

acid. 

On causing oxide of silver or mercuric oxide to act on dialuramide, 
so as to oxidi/.o this body slowly, purpurate of ammonium, called also 
murexid, is obtained. This body is none other than the ammoniacal 
salt of alloxantinamide (purpuric acid), as yet unknown in the free 
state : 


2(C 4 1PN*0 3 ) + 0 = (C"IP(NIP)IW) + (2f°) 

Diuluniinide. Oxygen. Purpurate of ammonium. Wuter. 

MM. Rosing and SchischkoiF have obtained a body which they 
call oxalan by treating alloxan with ammonia in presence of hydro- 
cyanic acid : the formula of oxalan is (C 8 IPN 3 0 8 ), and is formed accord- 
ing to the following equation : 

2(C 4 H*N 2 0 4 ) + (IPO) + (NH 8 ) = (C 3 H 8 N 8 0 3 ) 

Alloxan. Water. Ammonia. Oxalan. 

+ (C 4 IP 1 W) + co a 

Dialuric acid. Carbouic 

anhydride. 

M. Strecker has shown that this body should be regarded as oxalur- 
amide : on substituting ethylaminc, aniline, or toluidine for ammonia 
in this process, he has succeeded in preparing compounds which repre- 
sent oxalan, one atom of hydrogen of which is replaced by ethyl, phenyl, 
or benzoyl. Now the product which contains phenyl is identicaTwitli 
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phenyl- oxaluramide (oxaluranilide) obtained by Laurent and Gerliardt 
by the direct action of aniline on parabanio acid : 

(C*H J N*0*) + ( C 'h*} N ) = (C j H 4 (C‘H‘)N*0 1 ') 

Parabanlc add. Aniline. Phenyl-oxalurum’de. 

Thionuric acid (C 4 H 8 N 8 0 4 . SO 2 ) must bo added to tho preceding 
compounds. It contains the elements of alloxan, ammonia, and sul- 
phurous anhydride, and is prepared by transmitting a current of 
sulphurous anhydride through a boiling solution of alloxan in 
ammonia : 

(C 4 £PN*0 4 ) + (NH S ) + (SO 2 ) = (C 4 H 5 N 3 S0 8 ) = (CTTWJ30 1 ) 

V Y » 

Alloxan. Ammonia. Sulphurous Thionuric add. 

unuydridc. 

The solution of thionuric acid becomes cloudy on boiling, sulphuric 
acid is set free, and dialuramide is deposited : 

(0*u*K*o\s<r) + (ipo) = ( 8 §T|o‘) + (cmmy*) 

Thionuric acid. Water. Sulphuric acid. Oiuluramiilc. 

In ordih* to understand the manner in which all these ammoniacal 
derivatives are formed, it must be borne in mind that under tho in- 
fluence of reducing bodies alloxan fixes hydrogen, and is transformed 
‘into dialuric acid ; that this latter loses hydrogen when submitted to 
oxidation, and re-forms alloxan, and finally, that alloxantin is a combi- 
nation of alloxan and dialuric acid. 

If alloxan bo treated with ammonia, these two bodies unite, eliminat- 
ing water, and producing alloxanamido (mycomelic acid). 

If sulphurous anhydride bo made to take part in the reaction, a 
simple combination of the bodies in question takes place ; but if heat 
bo used, the sulphurous anhydride, which is a reducing agent, passes 
to tho state of sulphuric acid, and dialuramide is formed. 

It will be conceived that dialuramide will also bo formed when 
alloxantin is submitted to the action of an ammoniacal salt, but then 
alloxan would be set free. 

It is also to be expected that on oxidizing dialuramide it will be 
converted into alloxantinamide by losing hydrogen. 

Recently, M. Baeyer, to whom we owe all the compounds which 
have lately been discovered in the uric acid series, has observed that 
uramil is formed when violuric or diliturie acid is treated with nascent 
hydrogen. This reaction is analogous to that in which oxybenzamide 
is formed, by causing nascent hydrogen to act on nitrobcnzoic acid. It 
must not be forgotten that dialuric is identical with oxybarbituric acid, 
and that diliturie is nitrobarbituric acid : 

(C 7 H 5 (N0*)0 # ) + H* 2(H a O) + (0 7 Il 7 N0 4i ) 

Nitrobcnzoic acid. Hydrogen. Water. Oxybenzamide. 
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(0 4 H s (NO*)N*O*) + H“ = 2(H*0) + (C*fflW) 

IMlIturic odd. Hydrogen. Water. Dialm-amlde. 

M. Bfflyor has also observed that dialuramide absorbs the vapours of 
cyanic acid, and produces a new acid, which differs from uric acid by 
the addition of a molecule of water : ho calls this pseudo-uric acid : * 

(C 4 H 6 N s O s ) + (CNHO) = (C 6 H # N 4 0 4 ) 

Uramil. Cyanic add. i’acudo-uric add. 

Constitution of the Uric Acid Compounds. — According to M. 
Baeyer, the two groups of compounds just reviewed have a similar 
constitution, and only differ in the nature of the radicles they con- 
tain. They are all derived either from urea, the hydrogen of which is 
replaced by compound radicles, or according to a mixed type of a mole- 
cule of urea and water, or of a molecule of ammonia and urea, the 
ammonia or water being united to the urea by means of a polyatomic 
radicle. The bodies derived from simple urea ho calls ureides , those 
derived from the mixed urea and water type he designates as uramic 
acids, and those from the mixed urea and ammonia type he calls 
uramides . The compounds derived from a double molecule of urea, 
and which consequently contain four atoms of nitrogen, he calls 
biurcides. 

The parabanic group is tho more simple of the two. TKe radicles 
which act in it are acetyl (C*H s O) or its derivatives by substitution, 
glycolyl (C 2 H 2 0"), oxalyl (C 2 0 2 "), and glyoxylyl (C 2 OH"'). 

Parabanic acid is derived from oxalyl urea : 



Hydantoin is from glycolyl-urea : 



(C 3 IFN 2 0 8 ) 

Parabanic acid. 


(CTPN’O 2 ) 

Hydantoin. 


Allanturio is an uramic acid, that is to say, a body derived from the 
mixed urea and water type, by the substitution of the triatomic radicle 
of glyoxylic acid ((THO'") for n s : 


(C 2 HO)" 

H 



Or, what is better, a simple ureide : 


(C 8 H 4 N*O s ) 

Allanturic acid. 
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be adopted for glyoxylic acid, in accord- 
ance with Dr. Debus’ late experiments. 

Allantoin is a compound of allanturic acid and urea ; leucoturic acid 
is a compound of allanturic and parabanic acids ; allituric acid is a 
compound of allanturic acid and hydantoin. These thrco bodies result 
from the addition of all the elements of their components with tho 
elimination of 11*0. They contain four atoms of nitrogen, and may bo 
regarded as biureides. 

Oxaluric is an uramic acid, containing tho radicle oxalyl (C 2 0*)", and 
hydantoic acid is an uramic acid containing the radicle glycolyl 
(0PH*O)". 

Oxaluramido and biuret are uramides. 

The rational formulas of all the compounds of tho parabanic group 
are included in tho following tablo : 



Ureidks. 

/ (00)" I \ 
iO‘H a O In*J 

/ (CO)") \ 

A eetyl-urea (and 
iLs broifiinaiL'd derivatives). 

Hyduntoiu. 


Biuhkidks. 

l(0*H0)"'>N‘J 

/ (00)"* | \ 
(0*110)"' L 4 \ 

J 

Allantoin (glyoxylic 
biurcide). 

Allituric acid (plyoxyl- 
glycolic biurcide). 


Uramic Acids. 

K«J 

I <0 %fN.) 

1 <c,ho> hJo j 


Hydantoic acid. Allanturic acid. 



leucoturic acid (Rlyoxyl-oxalic 
biurcide). 



Oxaluric acid. 


Ult AMIDES. 



Oxalurumldo. Isobiuivt. 


'I'l* constitution of bodies of the alloxan group may be cxplainod by 
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similar formulae. But instead of the radicles of aoetio, glycolic, oxalic, 
and glyoxylio acids, these compounds contain the radicles of malonic 
acid (CIFO 3 )", tartronic or oxymalonio acid (C’ZPO 3 )" = (C*H[0H]0*)", 
and mcsoxalic acid (C*0 3 )", derived from malonyl by the substitution 
of 0 for H* : 


(C*H*O f )" 

Mulonyl. 


(0*0*)'' 

McHOxalyl. 


There is the same relation between acetyl and glycolyl as between 
malonyl and triatomic tartronyl (C 8 HO*)'" : 


(C 2 irO)' (C 2 H*0)" 

Acetyl. Glycolyl. 


(C*H*0*)" (CIlO*)'" 

Malonyl. Tartronyl. 


There is also the same relation between malonyl and mesoxalyl as 
between glycolyl and oxalyl : 


(C*H*0)" 

(C“0*)" 

Olyoilvl. 

Oxalyl. 

(C“H 2 0*)" 

(C a 0*)" 

Malonyl. 

Mesoxalyl. 


The result is, lhat the compounds of the alloxan group present the 
same relations to each other as those of the parabanic acid group. * 
We will give a table of the rational foimulro of the principal com- 
pounds of the alloxan group, as we have done with those of the para- 
banic group : 


/ (CO)"] \ 

l(CTF07'V KM 

barbituric acid 
(malonyl-ureu). 


Uhkidks. 


/ (CO)"] 

( (C*H[0H]0 2 )" > N* | 


(00)") 

v n ^j 

Diuluric acid (oxymolonyl-nrea). 



Alloxan (mewxalyl- 
uroa). 


(C0)"*| 

(C»H*0*)"l 

(c*HO*jrp 

Hydurillc add 

(malonyl-iaitronylic biureide). 


Biureidks. 


( (CO)"*] \ 

^((7H0*)"'j K 4 J 


i*KCU(lo-uiic acid 
(tartronyl io biureide). 


(CO)"* 
[ (C*IIO*)'" 
(C“0*)" 


•N 4 + aq. 


Alloxantin (tartronyl- 
meeoxulic biurcide). 
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Uramio Acids. 



Uramil. 


In older to complete the study of the uric group, wc must show 
how uric acid, the body used to prepare all these compounds, is pro- 
cured. 

Uric acid is generally extracted from the oxcrements of the boa. To 
effect this, these excrements are powdered, dissolved in dilute potash 
and boiled until ammonia is no longer disengaged. The liquid is then 
filtered, and a current of carbonic anhydride is passed through it, 
causing the formation of a white precipitate of acid urate of potassium 
which is almost insoluble. ThiB precipitate is collected on a filter 
and washed until the washings precipitate the liquid first filtered. 
The acid urate thus obtained is redissolved in potash, and the solution 
is added to an excess of boiling hydrochloric acid. Perfectly white 
uric acid is precipitated, and must be collected on a filter and well 
t washed. 

Uric acid is bibasic ; it is almost insoluble in wator : concentrated 
sulphuric acid dissolves it, but water precipitates it from this solution. 

When uric acid is treated by nitric acid, evaporated over a water 
bath, and ammonia added to the residue, there is formed murexid or 
diammonic purpurate (the aminoniacal salt of alloxantinamide), which 
presents a beautiful purple colour. This reaction is characteristic of 
uric acid. 

Determination of the Proportion of Uric Acid in Urine. — A few 
drops of hydrochloric acid are added to a known weight of urine if it 
do not contain albumen ; if albumen be present, acetic or phosphoric 
acid must be used. After 24 hours the precipitate is collected on a 
filter previously weighed ; it is gently washed, dried and weighed. 
According to M. Heintz, the slight solubility of uric acid causes a loss 
of 0’09 per thousand of the urine used. This loss is not increased by 
the presence of albumen or other principles of the blood, and in all 
cases it is compensated by the accompanying precipitation of a certain 
quantity of colouring matter. However, the presence of the principles 
of bile may increase this loss to 025 per 1000. 
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GUANINE, XANTHINE HYPOXANTHINE, Eto. 

With uric acid must bo classed three bodies which resemble it 
either in their composition or in their reactions. These are xanthine 
(C a H 4 N 4 0 2 ), hypoxanthine (C 6 H 4 N 4 0), and guanine (C a H a N fi O). 

These three bodies exist in the organism, and may be extracted by 
the following processes, discovered by M. Schaerer. 

To prepare xanthine or hypoxanthine, forty kilogrammes of horse- 
flesh free from fat is chopped up and macerated for 24 hours in cold 
water. This is then expressed, and the flesh boiled for a short time 
with a fresh quantity of water and again expressed. The cold infusion 
should bo coagulated by heat and mixed with the decoction. Baryta 
water is then added until precipitation ceases ; tho whole is boiled, 
filtered, and evaporated at a gentle heat. When the liquid reaches a 
suitable degree of concentration, it is left in a cool place for several 
days ; the crystals of creatine which deposit are separated, and tho 
mother-liquor is further concentrated. By remaining at rest soveral 
days more, crystals of creatine are deposited along with a white powder 
which is composed of xanthine and hypoxanthine, and which may 
easily be separated by levigation from the crystals of creatine, which 
are much heavier. 

This white powder must be dissolved in water, the solution added '* 
to the mother-liquors from the creatine, and acetate of coppor added 
to the whole liquid, which must then bo reduced by boiling to a small 
volume. An abundant precipitate is formed, which is collected on a 
filter and washed with boiling water until tho water is no longer 
coloured. Then this precipitate is dissolved in dilute hydrochloric 
acid, a current of sulphuretted hydrogen is transmitted through tho 
solution to precipitate the copper; tho liquid is then boiled, and 
filtered while boiling. 

When concentrated, the liquid deposits crystalline crusts which are 
separated as they form. When the concentration is sufficiently 
advanced, the liquid on cooling becomes a thick mass full of needles, 
which, when purified by several crystallizations from hydrochloric acid 
and decolorized by animal charcoal, constitute hydrochlorate of hypo- 
xanthine; when decomposed by ammonia, they give hypoxanthine 
(C a H 4 N 4 0). 

The crystalline crusts are purified in the same manner : they consti- 
tute hydrochlorate of xanthine, which with ammonia gives xanthine 
(C a H 4 N 4 0 2 ). 

In order to obtain guanine, the pancreas is submitted to the treatment 
just described; crystalline crusts of hydrochlorate of xanthine arc 
deposited, and at the same time prismatic crystals, which consist not 
of hydrochlorate of hypoxanthine, but of hydrochlorate of guanine, 
from which pure guanine (C 6 H 6 N a O) is separated by ammonia. 

Guanine may also be extracted from guano. To effect this, guano 
is boiled with lime and water until the liquid assumes a slightly* green 
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colour ; it is filtered, and’a quantity of hydrochloric acid sufficient to 
render it neutral is added : a precipitate is formed which is composed 
of guanine and uric acid in about equal parts. This is treated with 
boiling hydrochloric acid, which takes up the guanine, and this is then 
separated from its hydrochlorate by means of ammonia. 

Hypoxanthine is very slightly soluble in cold water, more soluble 
in boiling water, and is in the form of a beautiful white powder. 

The solution of hypoxanthine gives a green flocculcnt precipitate 
when heated with acetate of copper. It is also precipitated by nitrate 
of silver. This precipitate is soluble in boiling nitric acid, from which, 
on cooling, it is deposited in microscopic crystals. 

'Hypoxanthine dissolves in the mineral acids and in ammonia. 
When treated with nitric acid, evaporated, and ammonia added to the 
residue, this remains white or slightly yellow : the product of the 
action of nitric acid on hypoxanthine furnishes xanthine under the 
influence of reducing agents. Nitric acid therefore acts on hypoxan- 
thine both as an oxidizing agent and as an agent of substitution. 

Xanthine also is nearly insoluble in water, but it readily dissolves 
in the caustic alkalies and ammonia. The ammoniacal solution is 
precipitated when hot by the acetate of copper. 

Carbonio anhydride separates xanthine from its solution in potash : 
evaporated with nitric acid, it leaves a nitrogonized product of a yellow 
colour, which becomes violet on contact with soda. This product re- 
forms xanthino when submitted to reducing actions. Xanthine is 
rather a weak base. 

Guanine is a yellow powder, insoluble in water, alcohol, and other. 
It combines with strong acids to form salts, which, however, aro very 
‘slightly stable. Water decomposes them, and when the acid is volatile, 
heat destroys the combination. The alkalies dissolvo guanine still 
better than acids. 

Guanine bears the same relation to xanthine that amidated acids do 
to the acids whence they are derived. The following equations show 
these relations : 

(C 5 II 4 N 4 0 2 ) - (HO) -f (Nil 2 ) = (C r ’IPN B 0) 

Xanthine. Guanine. 

((FIFO 8 ; - no + NH* = (CIFNO 8 ) 

Lactic acid. Loctamidic acid 

(alanine). 

Acted upon by nitrous acid, guanine is transformed into xanthine • 
but, as in order to cause nitrous acid to act on guanine, it- is necessary 
to dissolve it in nitric acid, instead of xanthine a nitric derivative is ob- 
tained which furnishes xanthine under the influence of reducing agents. 
Not taking into account the intermediate nitric product, the transform- 
ation of guanine into xanthine is explained by the following equation : 

(C 8 IFN*0) + ( N h}o) = (OTIW) + K* + (H 8 0) 

Guonlnp. Nitrous add. Xanthine. Nitrogen. Water. 
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Xanthine is thus a common terra towards which guanine and hypo- 
xanthine converge. 

When gnanine is treated with a mixture of hydrochloric acid and 
potassic chlorate, parabanic acid, — a new baso, guanidine (CH 5 N 8 ),— 
and a little xanthine are obtained. This reaction attaches guanine to 
the uric acid group, to which parabanio acid belongs. 

Guanidine is a powerful baso. It attracts the water and carbonic 
anhydride of the air, and gives riso to a carbonate : 

[(CHW^HUCO 2 ]. 


The salts of guanidine are in general well crystallized. Guanidine 
may be considered as a triple molecule of ammonia in which H 4 would be 


replaced by tetratomic C, as the rational formula 



indicates. 


M. Streeter prefers to write this body ; but with this formula 

we do not see how two molecules of ammonia can hold together with- 
out any polyatomic radicle to unite them. 

It has been seen that Ilofmann has obtained guanidine by causing 
ammonia to act on the ortho-carbonate of ethyl : 



Ortho-carbonato Ammonia. Alcohol. Oiunidiw\ 

of ethyl. 


CREATINE, CREATININE. 

We have already said that a crystallized substance called creatine 
may be extracted from muscular tissuo. The formula of this substance 
is C 4 H"N 8 0 9 -faq. 

Creatine is colourless, pearl-like, without taste, and without action 
on test-paper. It is much more soluble in hot than in cold water, less 
soluble in alcohol, and insoluble in ether. 

In presence of strong acids creatine loses water, and is transformed 
into creatinine : 

(C 4 H 9 N®0*) = (H 2 0) + (C 4 H 7 N s O) 

Creatine. Water. Creatinine. 

When boiled with baryta water it splits up into urea and sarkosine 
(methyl-glycocol), assimilating the elements of water : 

(tfH’N’O 2 ) + (IPO) = (CH 4 N 2 0) + (OTFNO 2 ) 

Creatine. Water. Urea. Sarkosine. * 
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Under the influence of oxidants, <$reatine furnishes methyluramine 
((WF), which may be considered as methylguanidine ^CH 8 |n 8 ^. 

When submitted to the action of nitrous acid, creatine, according to 
M. Dessaignes, is converted into a substance having the com- 
position (C 4 H 4 N*0 8 ), and which appears to be methylparabanic acid 
(CT^CH^N'O 3 ). This body is also produced by the action of nitrous 
acid on creatinine. 

With chloride of zinc the hydrochlorates of creatine and creatinine 
form double salts, nearly insoluble and well crystallized. 

-As, by the action of baryta, creatine, absorbing the elements of water, 
is split up into methyl-glycocol and urea, and as, moreover, cyanamide, 
by uniting with a molecule of water, may be transformed into urea, 
M. Strecker thinks that creatine should bo considered as a compound 
of cyanamide and methyl-glycocol. 

Guided by these considerations, M. Strecker 'mixed solutions of 
glycocol and cyanamide along with a few drops of ammonia ; ho thus 
produced a body having the formula (C 8 H 7 N a O*), which differs from 
creatine by the substitution of H for (CH 3 ), and which ho calls glyco- 
cyamine. It is a feeble base ; its hydrochlorate loses H 2 0 at 160°, 
and is converted into the hydrochlorate of a new base, glyco-cyamidine 
(CjJH 6 N 8 0), which is to glyco-cyamine what creatinine is to creatino. 

The production of glyco-cyamino appears to justify M. Strecker’s 
views as to the constitution of creatine. 


THEOBKOMINE AND CAFFEINE. 

A substance called theobromine (C 7 H 8 N 4 O a ) is extracted from the 
cacao-nut, and another substance called caffeine, the composition of 
which is expressed by the formula (C 8 H 10 N 4 O 8 ), is extracted from 
coffee. 

Strecker has shown that caffeine is a methylated derivative of theo- 
bromine : on treating the latter with an ammoniacal solution of nitrate 
of silver, he obtained a crystalline precipitate which, when dried at 
120°, had the formula (OTTAgN^*). When submitted to the action 
of iodide of methyl, this body gives rise to iodide of silver and caffeine : 

. ((TEFAgN 4 ©*) + = A f| + (C 7 H 7 (CH , )N < 0 2 ) 

Argentic theobromine. Iodide of Iodide of Caffeine, 

methyl. silver. 

Caffeine, when acted upon by oxidizing agents, gives two bodies of 
the uric acid group, tetra-methyl-alloxantine (C 8 (CH 3 ) 4 H*N 4 0 8 ) (amalic 
acid), ‘and dimethyl-parabanic acid ((7(CH S ) 8 N*0 3 ) (cholestrophan), 

3 c 
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Theso products attach theobromine and caffeine to the uric acid group ; 
moreover, theobromine appears to be a homologue of xanthine : 

CWW xanthine. 

C 7 II 8 N 4 0 2 theobromine. 

At any rate, it is certain that theobromine is not dimothylated xan- 
thine. On treating diargontic xanthino (C B IT 8 Ag*N 4 0*) with iodide of 
methyl, M. Stocker has in reality obtained dimethyl-xanthine, which 
is isomeric and not identical with theobromine. 

M. Stocker’s researches thus provo that caffeine and theobromino 
approach the uric acid group ; that xanthino, guanine, and hypoxan- 
tliine are joined to this group and intimately related to each other ; 
that creatine and creatinine are also attached to the uric acid group ; 
and that the synthesis of creatine may bo hoped for. 

We have yet to give theso bodies rational formula) which would 
show their relations and their transformations : this has been attempted 
for several of them, but the formula* proposed do not appear to me to 
bo sufficiently general ; and, in short, this is a work which still remains 
to be accomplished. 

ALBUMEN" OID SUBSTANCES. 

These substances am found in abundance in tho liquids and tissues 
of animals, as well as in certain organs of vegetables ; they arc all 
uncrystallizablo, contain sulphur among tho number of their elements, 
and are decomposed when it is attempted to distil them, disengaging 
sulphide of ammonium among other products. 

Fuming hydrochloric acid dissolves albuminoid substances: the 
solution assumes a blue colour in tho air; protected from tho air, it 
remains yellow. 

’Under tho influence of the acid liquid which is obtained l»y dis- 
solving mercury in its own weight of nitric acid, albuminoid substances 
assume an intense rod colour: this reaction detects one pail of albumen, 
in 100,000 parts of water. 

Potash dissolves all albuminoid substances. When this solution is 
boiled, a liquid is obtained from which the acids disengage hydrosul- 
phtiric acid and precipitate a substance known as protein. 

All albuminoid substances furnish tho same products when oxidized. 
These products belong either to tho aromatic scries or to that of tho 
fatty acids. Thus, benzoic aldehyd, benzoic acid, acetic, propylio, 
and valeric aldehyds, acetic, propionic, butyric, and valeric acids arc 
obtained, as is also a product called tyrosine (C W J I n N0 3 ), which appears 

/ f ()TT \ 

to bo cthyl-omido-paroxybenzoic acid I 0 7 I1 8 0'" < 011 1. 

\ In.ctp.h/ 

When exposed to the air albuminoid substances aro decomposed, and 
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transfonnod into now bodies which aro not well defined. This groat 
instability of the albuminoid principles is a characteristic which clearly 
distinguishes them from other organic principles. Certain substances 
i.i this group, simply by their presoncc, cause tho hydration of other 
bodies by means of decomposition. Diastase, which is extracted from 
germinated barley, possesses this property in a high degree. For a 
long timo theso substances have boon called ferments ; but M. Pasteur 
having demonstrated that, fermentations aro owing to the development 
of organisms to which the name of ferments should properly bo applied, 
this name is not suitable for the substances just spoken of. 

There exist three well- character i zed albuminoid principles — albn 
moil, fibrin, and casein : tho others aro little known and are possibly 
only mixtures. 

Albumen is found in the white of egg, in the serous portion of tho 
blood, and in other fluids of the economy. M. Wurtz has shown that 
the albumen of tbe blood and that of the egg aro not identical. These 
two liquids are precipitated by acetate of lead ; but while a current, of 
sulphuretted hydrogen re-forms soluble albumen from the plumbic 
precipitate obtained from tlio whito of egg, such is not the case with 
that procured from the serum of tho blood. 

Albumen in solution is coagulated by heat, and it. then becomes 
• insoluble. ' A similar coagulation is produced -by acids, except by 
acetic and phosphoric acids ; and not only do theso acids not coagulate 
albumen, but they redissolvo it when coagulated. 

Fibrin exists in tlio blood of animals, whence it is deposited spon- 
taneously in a coagulated stato on removing tlio blood from tho body : 
it is obtained by whipping the blood, when it is deposited in small 
\Vhite filaments. In a chemical point of view, fibrin presents all tho 
characters of insoluble albumen ; it only differs from it by its fibrous 
form and by its property of decomposing oxygenized water. Fibrin 
enters into the composition of the seeds of ceroitls, etc. Mixed with 
another substance, gluten, it constitutes tho glutinous or azotized 
portion of these seeds. 

Casein is tho principal azotized portion of the milk of animals : it is 
also found in the seeds of leguminous plants, when it is called Ivrjnmm . 
It is soluble in water and not coagulated l>y heat ; but all the*, acids 
coagulate it, even including acetic acid, which is without action on 
albumen, but an excess of this acid redissolves it. 

Tho different substances in question appear identical in their 
elementary composition, the slight differences given by analysis may 
be owing to impurities, for these uncrystal lizahlc substances cannot 
bo completely purified. When burned, they always leave a certain 
quantity of ash which contains phosphate of* calcium ; the ashes left by 
albumen and casein contain, in addition, alkaline carbonates, while 
those left by fibrin do not. 

Coagulated albumen and casein, as well as fibrin, dissolve in alka- 
line solutions : if the excess of alkali bo removed by dialysis, a solution 

;i c 2 
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is obtained which possesses almost all the characters of albumen from 
the white of egg: on adding to this solution, as to natural soluble 
albumen, a large quantity of alkali, the properties of casein are com- 
municated to it . 

Starting from this point, we may reasonably suppose that in reality 
there only exists a single albuminoid substance, acting in the same 
manner as weak acids, and capable, like certain well-known bodies, of 
existing both in a soluble and in a coagulated state. If the name of 
albumen be reserved for this principle, fibrin should be considered as 
insoluble albumen more or less mixed with earthy phosphate, albumen 
as an acid albuminate of sodium, and casein as the neutral albuminate 
of sodium. 

Many chemists, M. Wurtz among others, call in question the identity 
of composition of the albuminoid substances : they consider it impos- 
sible to prove the identity of a body whose molecule is so complicated, 
especially as these compounds cannot be obtained in a pure state for 
analysis. This reasoning is sound ; but as, on the other hand, it cannot 
be shown by analysis that these substances are not identical, and as, 
moreover, they give the same products of decomposition, our hy- 
pothesis remains justifiable, and we shall adopt it along with Liebig, 
Gerhardt, and othors. 


GELATINOUS SUB8TANCES. 

The skin, the organic part of bones, the tendons, serous membranes, 
cellular tissue, the hoof of the stag, etc., are transformed by prolonged 
boiling into a substance which, on cooling, becomes a jolly, and is 
called gelatine. 

Under the same conditions, the cartilages give another substance 
called chondrin, which resembles gelatine, and these two are the sub- 
stances which we designate as gelatinous. 

Gelatine. — We have just said that gelatine results from the action 
of water on the organic matter of bones (ossein), etc. It presents the 
same composition as ossein, and is known in commerce as glue. 

The glue of commerce, however, is not pure gelatine. In order to 
purify it, it is allowed to become a jelly in cold water, and is sepa- 
rated mechanically, then washed in hot water until this is no longer 
coloured, when the gelatine is dissolved in water at a gentle heat : the 
solution is filtered to separate insoluble matters, and tho gelatine is 
precipitated from the filtered liquid by means of alcohol. 

Gelatine swells up in cold water without dissolving ; it is soluble in 
hot water and becomes a jelly on cooling. It is modified, and loses 
this latter property, when submitted to prolonged boiling. 

Moist gelatine left in air soon putrefies and develops a large quantity 
of ammonia. 

When gelatine is boiled for some time with potash, leucine, glycocol, , 
and other undetermined bodies are produced. Glycocol is also pro- 
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dnoed by the action of cold concentrated sulphuric acid on gelatine, 
and it is owing to this that glycocol is improperly called sugar of 
gelatine. 

By dry distillation, gelatine gives different alkaloids (piccoline, luti- 
dine, pyrridine, methylamine, etc.), undetermined neutral oils, along 
with ammonic carbonate and hydrocyanate. 

Nitric acid converts gelatine into several products, among which 
saccharic acid appears to be one. 

Tannin gives an insoluble precipitate with gelatino; analogous 
compounds are produced when tannin is made to act on the different 
substances which furnish gelatine, and these compounds do not putrefy. 
The tanning of leather is founded on this property. 

In general, metallic salts do not precipitate gelatine. Under the 
influence of a mixture of peroxide of manganese and sulphuric acid, 
that is to say of oxidizing agents, gelatine furnishes the same products 
as the albuminoid substances. 

Gerhardt has obtained glucose and sulphate of ammonium by boiling 
gelatine for several days with dilute sulphuric acid. This experiment 
tends to justify an hypothesis of Mr. Hunt, according to which gelatino 
would be an ammoniacal derivative of glucose. ^Mr. Hunt says cellu- 
lose, but wo think it necessary to say glucose, hecauso cellulose itself 
should be Considered as a derivative of glucose. However, it is pro- 
bable that if this hypothesis bo correct, gelatine is derived not from 
ordinary glucose, but from a polyglucosic alcohol) : 

(»C rt IT“O fi -[»-l]H*0) + 2(wXIF) = (wCfIPW)*) 

polyglucosic alcohol. Aiumouiu. (ielatiiK 1 . 

, + 3 »+ 1 ( 11 * 0 ) 

* Water. 

In this formula a certain quantity of oxygon should be replaced by 
an equivalent quantity ot sulphur, as gelatine is a sulphuretted body. 

If it bo considered that the origin we have attempted to establish for 
gelatine is probable, and that this body on decomposing under the 
influence of oxidizing agents, gives products which arc identical with 
those furnished by tho albuminoid substances, it cannot bo doubted 
that these latter substances are related to gelatino, and consequently 
we must considor it probable that the albuminoid principles are also 
ammoniacal derivatives ot polyglucosic alcohols. 

Gelatine is not generally precipitated by metallic salts; alum, 
however, precipitates it in presence of alkalies. 

Chpndrin. — We have already seen that this substance is extracted 
from the cartilages ; tho cornea also furnishes it. 

Like gelatine, chondrin swells up in cold water, and dissolves in 
boiling water, and also gelatinizes on cooling. 

It differe from gelatine in that it is precipitated by most metallic 

Analysis shows that the composition of chondrin greatly resembles 
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that of gelatine : thero is, howover, a difference in the quantity of 
nitrogen; gelatine containing 19*71, and chondrin only 14*4 per 
cent, of this element. The action of alkalies on chondrin furnishes 
very little leucine, and that of sulphuric acid gives leucine without 
glycocoll. 

By the side of gelatine and chondrin, certain substances which 
appear to differ from them by several properties arc placed. Such aro 
the substance obtained by treating eliistic tissuo by water, and 
limacino, obtained by M. Braconot by boiling slugs in puro water. 
Theso substancos aro little known. 


ACTION OF REAGENTS ON ORGANIC COMPOUNDS. 

The principal reagents used in organic chemistry arc : oxygen or 
oxidizing agents; chlorine, bromino, and iodine; hydrochloric, hydro- 
bromic, hydriodic, sulphuric, and nitric acids ; with the chloride, bro- 
mide, and iodide of phosphorus ; reducing agents, at the head of which 
nascent hydrogen must bo placed; the alkaline hi sulphites, (acid sul- 
phites), ammonia, and nitrous acid ; and dehydrating agents, as the 
sulphide of phosphorus, tho caustic alkalies, etc. 

Oxidizing Agents. — All bodies which can givo rise to a'disengago- 
ment of oxygen act as oxidizing agents. Nascent oxygon often acts 
whero freo oxygen is inert. 

Oxygen may act on organic substances in four different methods. 

1st. It may remove hydrogen from theso substances : 


(C s IPO) + 0 = 

Alcohol. Oxygon. 

(IPO) 

Water. 

+ 

(OTTO) 

Aldcliyd. 

2nd. It may bo substituted for hydrogen : 



(OTTO) + gf = 

Alcohol. Oxygen. 

(IPO) 

Water. 

4- 

(C 2 IP0‘) 

Acetic acid. 


Urd. It inay bo added to the substance : 

(C 2 IPO) -f O = (C 2 II J O a ) 

Aldcliyd. Oxygon. Acetic add. 

4th. It may simplify tlie organio molecule, removing from it either 
carbon, or both carbon and hydrogen : in this caso it may or may not 
bo added to tho molecule thus simplified, or tho carbon eliminated may 
or may not tako with it part of tho oxygon of tho substance. Tims 
when alloxan is treated with an oxidizing agent, an atom of carbon 
and an atom of oxygen aro removed, and parabanic acid is loft : 

(C 4 IT , N*0*) -j- O = (00 s ) + (c 8 ipn*o s ) 

Alloxan. Oxygon. Carbonic Para ban ic acid, 

unhydride. 
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When oxidizing agenfS act on oleic acid, two series of acids aro 
obtained ; the first homologous with formic acid, the other with oxalic 
acid : in this case oleic acid loses hydrogen and carbon. 

Among the products formed, some result from the fixation of oxygen 
on the simplified molecules ; suoh aro tho homologuos of oxalic acid : 
others are the direct result of the simplification of the molecule of olcio 
acid, without there being any fixation of oxygon. 

Chlorine and Bromine. — Those Inxlies act in a similar manner on 
organic substances, but tho action of clilorino is moro powerful than 
that of bromino. 

1st. They remove hydrogon without replacing it: 

(C*H“0) + gf = + ((V-’H'O) 

Alcohol. Chluriuo. Hydrochloric Aldchyd. 

ucid. 

2nd. Tlioy aro substituted for hydrogon : 

(otp) + gf = SI + (cnrci) 

Toluene. Chlorine. Hydrochloric MminrlilitrliuiLctl 

ucid. tolurne. 

did. They are simply added to unsaturated molecules : 

(CTK) 4 ) -f = (OTIWO*) 

Fumade uchl. lEroiiiino. liibromo-succiiiic ucid. 

4th. In prosenoo of water they seize the hydrogen of this liquid and 
• liberato oxygon, so as to act as oxidizing agents. They may even act 
in a similar manner without water intervening: one portion of the 
organic substance is decomposed, and yields its oxygen to the other 
portion, in which case carbon is deposited. MM. Friedel and Mwlmca 
have observed a fact of this description: on heating bromine with 
butyric acid, they obtained succinic acid, the result of an oxidizing 
action : 


(expo-) + 30 = (j{|o) + (C'iro 4 ) 

Ilutyric ucid. Oxygen. Water. Succinic acid. 

Iodine. — Liko bromino and chlorine, iodino can act as an oxidizing 
agont, and can also be addod directly to organic molecules, hut it never 
gives rise to phenomena of substitution, unless the hydriodio acid he 
satdratedas it is formed, as when iodine acts on an organic base. Gene- 
rally the products of iodized substitution aro prepared by an indirect 
method. 

Hydrochloric and Hydrobromic Acids. — These acids give rise to 
phenomena of direct addition, and of double decomposition. 

1st. They arc added directly to unsaturated molecules. When these 
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molecules possess basic properties, like compound" ammonias, the 
combination takes place in the cold, with the disengagement of a con- 
siderable amount of heat ; other bodies besides compound ammonias 
are able to combine with these hydracids in the cold : 


c 1P! k ) 

ii 

Wo 

+ 


fithylamine. 

Hydrochloric 

•acid. 

Chloride of ethyl- 

arnmnnhiin 

(0*H 4 ) 

+ 51 - 

(C*H*C1) 

Ethylene. 

Hydrochloric 

acid. 

Chloride of 
eiliyl. 


2nd. They enter into double decomposition. Thus in presence of 
alcohols and acids whose atomicity is greater than their basicity, they 
exchange their chlorine or bromine for the group Oil, forming water 
and a chlorinated or brominated organic product : 


(T}°) 

+ 5} ■ 

- CS}) 

+ (h}°) 

Water. * 

Benzoic alcohol. 

Hydrochloric 

Chloride of 


acid. 

benzoyl. 


(cmy) + 

n 

(C s H c Br0 2 ) 

+ ©0) 

Lactic acid. Ilydrohromic 

Bromopropionic 

Water. 


acid. 

odd. 


((PH 4 } °) + 

2 (ci }) 

- •(°si: 

) + ©°) 

Ether. 

Hydrochloric 

acid. 

Chloride of ethyl. Water. 


Hydriodic Acid. — Ilydriodic acid gives rise to the same phenomena 
of addition as its two congeners ; it even combines more readily than 
they do, but it will not always enter into analogous double decomposi- 
tions. In fact, when hydriodic acid acts on iodized bodies, it sets the 
iodine free, producing an inverse substitution : 

(cwio*) + = (e ! n‘o a ) + JJ 

lodaoetic acid. Hydriodio Acetic add. Iodine, 

acid. 

It cannot therefore produce iodized compounds by double decompo- 
sition, unless they are formed at a temperature lower than that at 
which hydriodic acid would decompose them. 

Under those conditions in which its congeners would give rise to 
double decompositions and hydriodic acid itself cannot, the latter acts 
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as a reducing agent. This is the case with those polyatomic alcohols 
and acids whose atomicity is greater than their basicity : 


(C a H*0*) -f 

II 

<M 

(C*H'0*) 

+ (n*0) 

+ i* 

Lactic add. 

Hydriodic 

acid. 

Propionic acid. 

Water. 

Iodine. 

(C 8 H» 4 0 6 ) + 

n (“l) - 

(CIPl) + 

6 (IPO) 

+ 5 (i() 

Mannite. 

Hydriodic 

add. 

Iodide of 
hexyl. 

Water. 

Iodine. 


It must be remarked that hydriodic acid acts as a reducing agent 
only on the acids whoso basicity is less than tlieir atomicity, and that 
it is without action on the acids whoso basicity is equal to their atom- 
icity ; oxalic acid, for instance. The reason of this is that it acts on 
alcoholic hydroxyl, but not on acid hydroxyl. 

The acids of the aromatic series whose atomicity is greater than 
their basicity, but the hydroxyl of which is phonic and not alcoholic, 
are not reduced by l^driodic acid, as M. Lautcmaun found with salicylic 
acid, and as I ascertained with thymotic acid. 

Those # aromatic acids, on the contrary, which contain alcoholic 
hydroxyl aro reduced like the corresponding fatty acids. Thus 
M. Louguininc and myself have found that formo-benzoylic acid 
(C 8 H H 0 8 ), under the influence of hydriodic acid, is transformed into 
alphatoluic acid (OTTO*). 

The action exercised by hydriodic acid on iodized organic compounds 
is the cause of iodine being unable to give rise to phenomena of sub- 
stitution. Such phenomena would necessitate tlio production of a 
quantity of hydriodic acid equivalent to that of the iodino substituted, 
and thence tho product of substitution would bo decomposed as it 
formed. 

When hydriodic acid acls on condensed polyatomic alcohols, it 
reduces them, and rosolvos them into their different gen cm tors : 

(efr} 0 ’) + "("}) - 3 (nf°) + 2 ( C T) 

Dielhylcnlc Hydriodic Water. ImIIiI" ui' 

alcohol. acid. ethylene. 

Sulphuric Acid. — Sulphuric acid may be used eithor diluted, con- 
oehtrated, or anhydrous. Diluted, it fixes water on organic substances ; 
under its influence, saccharose is transformed into glucose and amides 
into ammoniacal salts : 

((pipsQ 11 ) + (IPO) = 2(C 6 IFO' ; ) 

Saccharose Water. Glucose. 

(cano sugar). 
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Acetamide. Water. Sulphuric uchl. 



Amnionic sulphate. 


;rs}o) 

Acitic acid. 


When concentrated, it can combine directly with compound ammo- 
nias, witlicortain hydrocarbons, with the others of polyatomic alcohols, 
etc. : 


((HI 4 ") 4- 


Ethylene. 



Trii'tliylaiiiiup. 


(OTO) -(- 

Oxide of ethylene 
(ether of glycol). 



Sulphuric acid. 



Sulphuric acid. 



Sulphuric acid. 



Sulphovinlc acid. 



Neutral sulphate of 
triclhyl-animoiilum. 



Kthylciie-sulphurip 

ucid. 


When concontrated or anhydrous, it can act as a dehydrating agent, 
or by modifying the molecule, or by double decomposition. 

1st. It acts as a dehydrating agent with the alcohols having the 
radicles C M IP b * +1 , transforming them into hydrocarbides OIF". lint the 
dehydrating action of sulphuric acid is never exercised alono. There- 
fore the clil on do of zinc or phosphoric anhydride should be preferred 
for the production of reactions of this order. 

2nd. It modifies the molocule of certain substances, which it converts 
into isomers or polymers. Thus, under its influonco, amyleno (CTT 10 ) 
is transformed into diamyl one (C 10 !! 20 ) : oil of turpentine is converted 
into an isomer which only differs from the original hydrocarbide by 
the abscnco of rotatory action on light. 

3rd. It enters into double decomposition with organic substances, 
that is to say, it combines with these substances, eliminating water. 
Here two different eases may arise : cither the products which are 
formed lire capable of reproducing their generators by appropriate 
means, or they are not capable of so doing. 

The salts which result from the reaction of sulphuric acid on organic 
basos, such as the hydrates of ammoniums or the hydrates of organo- 
metallic radicles, are instances of the first, as are also the sulphuric 
ethers which re-form the alcohol whence they are derived, a sulphate 
being at the same time formed, when they are treated with mineral bases. 

As instances of the second case may be mentioned thoso conjugate 
bodies which result from the action of sulphuric ucid on other organic 
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compounds, among which certain hydrocarbons, and acids in general 
must bo placed. 

When tho bodies with which sulphuric acid reacts aro acid, the 
product is always acid. When, on tho contrary, those bodies aro 
neutral and several of their molecules act on a singlo molecule of sul- 
phuric acid, tho product is neutral. 

Thus tho following products aro acid : 


(cttw; 

= (C ,0 II") 

+ 

(STPO 4 ) 

- (TI'O) 

Tliymyl-sulphurous 

ucid. 

Cyinom*, 


Sulphuric 

acid. 

Water. 

(C'lFSO 8 ) 

- (C"II°) 

+ 

fsn=o 4 ) 

- (IPO; 

ITieiiyl-sulphuruus 

acid. 

lfcmiw'. 


Sulphuric 

ucbL 

Water. 

(C 7 HW) 

= ((FIFO 2 ) 

+ 

(«1W) 

- (IPO) 

Sulplio-hcnzotc 

acid. 

Jli'ii zoic acid. 


Sulpimric 

acid. 

WahT. 

(C'TT'XSO") 

= (C*Il 7 N) 

+ 

(sn 2 o 4 ) 

- (11*0) 

Sulphuuilic add. 

Aquiline. 


Sulphuric 

arid. 

Water. 

(C'JPSO 7 ) 

-- (CTO) 

+ 

(fcilPO 4 ) 

- (ih») 

Nulplm-sumnie 

acid. 

Succinic acid. 


Sulphuric 

acid. 

Wah-r. 

'ho following products arc neutral : 



(0 ,i II l,, S0 8 ) 

= 2('(! ,1 ir i ) 

+ 

(sim 1 ) 

— 2(1 1*0) 

Sulpho-Umklp. 

Ik’U/.iuc. 


Sulpimric 

acid. 

Will'T. 

(crir^o 2 ) 

= 2(0"TT) 

+ 

(SIPO 4 ) 

- 2(IPO; 

Sulplio-nuphthnlide. 

NapliLlialin. 


Sulphuric 

Water. 


It is to bo remarked that all those products contain the elements of 
an organic substanco united to those of sulphuric acid, less water. We 
also soo that if tho number of molecules reacting lie represented by w, 
n — ■ 1 will represent tlio number of molecules of water eliminated. 

Gerhardt gives tho following rule, whereby the basicity of a sulpho- 
conjugate body may be calculated, that of tho bodies which form it. 
being known. 

“ The basicity 13 of a sulpho-conjugato product is equal to the sum of 
the basicities of tho organic matter b and of sulphuric; acid b\ loss tho 
sum w— 1 of the molecules which ontor into tho reaction 


For example : succinic acid has a basicity equal to 2, therefore b = 2 ; 
sulphuric acid is bibasic, therefore V = 2 ; a molecule of succinic acid 
reacts with one of sulphuric acid to produce sulphosucoinic acid, there- 
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fore n = 2. On replacing 6, 4' and n by their values in the preceding 
equation, it becomes : 

B = 2+2 -(2 — 1) = 3. 

If more than one molecule of sulphuric acid or of the other, body 
entered into the reaction, b and b' must be multiplied by this number : 
the above equation would then be written : 

B = 6'«+6"-(w+w -1), 

m and n representing the number of the molecules of the bodies whose 
basicities are b and V. 

If the body reacting with sulphuric acid be neutral, we have only 
to make b = o. 

It would be more correct in the preceding rule to substitute the 
word atomicity for basicity. But, in this latter case, this law would 
not be applicable to the sulpho-conjugate bodies which reproduce their 
generators. If it were applied to tho determination of the atumicity ■ 
of sulphovinic acid, that of alcohol being 1 and that of sulphuric acid 
being 2, 2 would be tho atomicity of tho product, whilst in reality 
it is 1. 

Tho difference which oxists between those two classes of sulpho-con- 
jugate products is probably owing to the manner in which the substi- 
tution takes place. Sometimes tho radicle of tho organic substance is 
substituted for an equivalent quantity of typical hydrogen of the sul- 
phuric acid ; the atomicity is then equal to the sum of the atomicities 
of the reacting bodies, loss 2 for each molecule of water eliminated ; we 
have B = &+&'"— 2n\ n representing the number of molecules of water 
eliminated. In this method of substitution, tho group (SO*)" remains 
distinct from the radicle of the original organic substance. The result 
is that, on fixing water, tho product can bo resolved into its generators: 

r^) h- (■sw = 2 (5J}°) + rsw 

Two molecules of Sulphuric ucid. Water. Sulphate of ethyl, 

alcohol. 

m + ( s h -}°-) - © 0 ) + (™}*) 

Alcohol. Sulphuric acid. Water. Sulplioviuic acid. 

Sometimes the radicle sulphuryl (SO 2 )" is substituted for an equiva- 
lent quantity of hydrogen which passes to the state of water, this 
hydrogen eliminated being taken half from the typical hydrogen and 
half from that of the radicle. As the atomicity is owing to the typical 
hydrogen, it only diminishes by one in this case, while in the preced- 
ing it was diminished by two, and it conforms to Gerhardt’s law. 

Moreover, here tho group (SO 2 )" enters into the radicle of the 
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snlpho- conjugate body ; it is united to the molecule more closely, and 
this cannot reproduce its generators on becoming hydrated. 

It will readily be conceived that the atomicity of a radicle increases 
by unity on the addition of (SO®)" and the elimination of IT. 

In reality, a biatomic group like (SO 3 )" can unite with any radicle 
without modifying its atomicity, if it bo joined to it by one only of 
its centres of attraction. The union of the group (SO 3 )" with an 
organic radicle, therefore, does not. modify the atomicity of the latter ; 
but if afterwards the radicle which has fixed (SO®)", and whose atomi- 
city has not varied, loses IT, this elimination, according to the usual 


law, incroascs its atomicity by one. 
this reasoning : 

Tlio following 

figures illustmto 

0 C 

8 0 


. o nr i i t n 
r* i i i)(d (i) cij + 

c - ir 

( 1 TP! « __ T'l 

CiZi) 

0 

— (i) 

((m-'oy 

Acetyl. 

(SO s )” 

Sulphury!. 

IT 

Hydrogen. 

n 

c o 


- • «) (•) c i_i._i_i.ri_n . 



C O S O 
(C*TI 2 0S0 2 )" 


Sulphacetyl. 


A perfect parallelism is observed bet ween the sulplio-con jngato deri- 
vatives of this second class and certain substances which only diffor 
from them by the substitution of carbonyl (CO)” for sulphuryl (SO®)". 
The following table exhibits this : 


Series of the Carbonyl 
Radicle. 

CO" 

Oxide or carbon. 

C0"0 

Carbonic anhydride. 

CO"Cl s 

Chloride of carbonyl. 

[C*H‘(CO"£J 0 

Propionic acid. 

[C 2 H 5 (CO"gJ 

Chloride of propionyl. 


Series of the Sijlpiiuryi 
Radicle. 

SO®" 

Sulphurous anhydride. 

S0 a "0 

Sulphuric anhydride. 

scroi* . 

Chloride of sulphuryl. 

[C^YSCF'^j 0 

Ethyl-sulphurous acid. 

[c*n s (scr)^ 

Ktliyl-uilpliuruiu chloride. 



766 


HtlNOIPLES OF C1TEMISTRY. 


fc r n 4 "(oo"2'j Q2 

Ijociic odd. 



Ijoctlc rnonainidf* (alanine)- 


I C“IT 4 "((.!0") I" I 
Cl 2 f 

Chloride of loclyl. 

|((!n"')(cc)")(CO"g'i 0 * 

Mnlouic acid. 

[(o°n 4 )"(co'')n ()2 

Salicylic acid. 



Tscthionic acid. 



N 


J sethionic nionamiilc ;tonrlii). 


f} 


fC!‘II 4 "(SO"')|" 

( 

I sethionic chloride. 

| (( ■IT t ")(CO")(SO ii ")|") 

n*f 

Sulphucctic ucid. 

f(CTr»)(so 2 ")j''i 

Suiplioplicuic acid. 


Tho analogies just shown exist not only in the formula), but also in 
the properties of tho bodies spoken of, and even in the mode of their 
formation. 

Thus, lx)th lactic and isctbionic acids aro biatomic and monobasic. 

Malonic and sulpliacctic acids arc biatomic and bibasic. « 

Salicylic acid is obtained by tho action of carbonic anhydride on tho 
phenato of sodium ; sulphophenic acid, by tho action of sulpliuiic anhy- 
dride on phenol. (Phenol only differs from the phenato of sodium by 
having H substituted for Na). 

It would bo difficult to find among organic compounds analogies 
more clearly marked than these. 

Nitric Acid. — Nitric acid is a poworful reagent, which few sub- 
stances can resist. It may act in three different ways : 

.1st. It may combine directly with the organic substance; Ibis is tlio 
ease with the compound ammonias : 

(i*H»} N ) + ( N n }°) = ([(c*h*)TtS] } °) 

Truthylnminc. Nitric acid. Nitrate of trivtliyl-ainmonium. 

2nd. It may bo decomposed and act as an oxidizing agent. This is 
its usual mode of action, especially when it is diluted with water. 

old. It may act by double decomposition; under its influence 
organic substances lose hydrogen, for which tlio residue of tho nitric 
acid is substituted : 

(C*H 6 ) + (NITO 3 ) = (IPO) + (C°H 5 (NO a )) 

Benzine. Nitric acid. Water. Nitro-benziue. 

ITore, as with sulphuric acid, two cases may arise. 
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First . — The radicle of tlio organic substance may bo substituted for 
the typical hydrogen of nitric acid. The product obtained then 
possesses an atomicity equal to 0, if the group substituted for H do 
not itself contain typical hydrogen, and an atomicity equal to 
1, 2, 3 . . . n 9 if this group contain 1, 2, 3 . . . n atoms of typical 
hydrogen. 


Thus the nitrate of ethyl ^ jj r. J o) is noutral, and the mononit lie 



is monatomic, because the radicle otliyl 


/ < ,s? l 1 1 " i 

(C 2 H°) is noutral, while the residue of the glycol f jj > ()J contains 
an atom of typical hydrogen. 

The atomicity of tlio nitrous products of this first class may be calcu- 
lated by the formula we have given for the analogous sulplio-conjugato 
derivatives, making in this formula b' - 1 instead of = 2 ; we have then : 


Ur=b m -\-b' n -2n'. 


Second . — The radicle (NO 2 ) of nitric acid may bo substituted for 
hydrogen of the radicle of the organic substance. In this cjiso the 
atomicity remains tlio same as it was before the substitution. Like 
the analogous sulpho-con jugate compounds, it may also he calcu- 
lated by means of tlio formula 11 = ?/“+?/“ — (w-f-M — 1), making// - 1. 
Wo have examples of this kind of substitution in the production of 
nitrobenzoic acid, mononit ric phenol, etc. : 

r» + ow - ({[)<') + 

Benzoic acid. Nitric acid. Wut 'r. Nilrohriixoic nci'l. 


CT}o) + Cn}°) 

riionol. Nitric acid. 


Mononltric pliPiiul. Water. 


Nitric acid has a special tendency to produco phenomena of substitu- 
tion when it is concentrated. This tcndoncy is increased by mixing it 
with sulphuric acid, probably because this always keeps it. at the maxi- 
mum of concentration by seizing tlio water which is formed. 

Chlorides of Phosphorus. — Tlio torclilorido, oxychloride, and pen- 
tachlorido of phosphorus furnish the means of substituting chlorine 
either for oxygen or for the group Oil. 

1st. Tlioy produco the substitution of chlorine for oxygen when tlio y 
acton anhydrous oxides : according as tho radicles of those oxides are 
even or uneven tho moleculo remains intact or is divided : 


(OTTO) + (PCI 5 ) 

Alduliyd. Pcntndiloridp 

of phosphorus. 


(l’CTO) + (c z ir 4 (.u 2 ) 

Oxychloride Cliloridi* of 

of phosphorus c l hy lidenc. 
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(c*hS}°) + ( pc, ‘) - ( pci8 °) + *rs}) 

Aoetic. anhydride. Pentachloride Oxychloride Chloride of 

of phosphorus. of phosphorus. acetyl. 

2nd. They give rise to the replacement of the group OH by chlorine 
when they act on hydrates : 

3(™"}o-) + 2(POTO) - 2 ( p <£}0-) + 

Glycol. Oxychloride of Phosphoric add. Chloride of 

phosphorus. ethylene. 

+ <wr, - Qo-) + a(<™}) 

Acetic add. Torchlorido Phosphorous Chloride of acetyl, 

of phosphorus. acid. 

Besides the substituting action it possesses in common with the 
oxy- and ter-chlorides, the pentachloride of phosphorus also possesses 
a second action of substitution ; it can be reduced to the stato of 
terchlorido, setting free chlorino, which becomes substituted for 
hydrogen : 

(OTP) + (rci») = (POT) + Cl} + (°ca})* 

Toluene. Pentachloride Tcrchloride Hydrochloric Monochlorinated 

of phosphorus. of phosphorus. acid. toluene. 

Bromides and Iodides of Phosphorus. — -Those bodies act exactly 
like the chlorides of phosphorus, of courso with the exception that, 
instead of chlorine, it is bromine or iodine which they introduce into 
tho organic molecules. 

Reducing Agents. — By the 'designation reducing agents are indi- 
cated all those bodies whose action is the reverse of that of oxygon, 
chlorine, bromine, and iodine. At tho head of these agents we place 
nascent hydrogen, obtained either by means of sodium amalgam and 
water, or by dissolving zinc in acids or alkalies. Then there are tho 
bodies which are decomposed readily, yielding hydrogen, such as 
hydrosulphuric acid, and those which seize the oxygen of water, 
like sulphurous anhydride, tho metals, especially potassium and 
sodium, etc. 

Reducing agents can produce three orders of reactions : 

1st. They may give rise to the fixing of hydrogen on an organic 
substance : 

(C‘H‘0) + . (C*H*0) 

Oxide of Hydrogen. Alcohol. 

ethylene. 

2nd. They may remove the oxygen, chlorine, bromine, or iodine 
contained in a substance, without being substituted for them ; 

* Naquet Unpublished experiments. 
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•r&D 

+ 1} - 

Kc.» 

+ 

/C*iro)\ 

V C'H r O| / 

Chloride of 

Potassium. 

Chloride of 


Buiyryl. 

bntyryl. 


potassium. 


^SJo) 

+ ■ 

M3 

. o . 

+ 

rsi) 

Benzoic acid. 

Hydrogen. 

Water. 


Benzoic aldeliyd. 


3rd. They may cause the substitution of hydrogen for oxygen, 
chlorine, bromine, or iodine. This is called invorso substitution. When 
hydrogen is substituted for oxygen, the substitution may take place by 
equivalent quantities : 

rs}0) + <!!() - (S|o) + CT}0) 

Benzoic acid. Hydrogen. Water. Benzoic alcohol. 

But it may also happen that the quantity of hydrogen which enters 
into the molecule is only the half of that which should enter as an 
equivalent to the oxygen eliminated : 

/ 0 B IF1 \ 

[C c H e (N6 2 )] + 3(5}) = 2(5} O) + ( JlU) 

Nitrobenzine. Hydrogen. Water. Aniline. 

Acid Sulphites of the Alkalies. — These are used to purify aldehyds. 
With these bodies they foim crystalli zablc compounds which aro easily 
separated from the oils with which the aldehyds are often mixed, and 
which are decomposed under the influence of alkalies, leaving the 
aldehyd the elements of which they contain. 

Ammonia. — Ammonia unites directly with acids, forming salts which 
are generally very soluble : it also unites with the anhydrides of 
polyatomic alcohols and of biatom ic and monobasic acids. Moreover, 
it undergoes double decomposition with many aldehyds, with the anhy- 
drides of acids whose basicity is equal to their atomicity, with the 
chlorides, bromides, and iodides of alcohol radicles, with compound 
ethers, etc. In all these cases nitrides are formed. 

Certain colourless substances are known, apparently belonging to 
the class of phenols, which, under tho simultaneous influence of oxygen 
and ammonia, give rise to nitrogenized colouring principles. Thus 
orcin is transformed into orcein. 

Nitrous Add. — Nitrous acid acts on the nitrides and transforms 
them into corresponding oxides : 

c^w+e>) = £( + (S!°)+(™f°) 

Acetamide. Nitrous acid. Nitrogen. Water. Acetic acid. 

Nitrous acid, in alcoholic solution, gives rise to another kind of 
reaction : N is substituted for H*. In this case, the product of substi- 

3 n 
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tution remains united to an unmodified molecule of the original com- 
pound : 

2^° Sjxj + } O) = (C'H*.N*,C 8 H S .NH') + 2 (§}o) 

Aniline. Nitrous acid. Dlaio-amido-benzol. Water. 

• 

If tlio action of nitrous acid be prolonged, the new compound also 
exchanges H s for N, and we have two molecules of a product which 
represents the primitive nitride in which N takes the place of H s : 

0) = 2 (JJj- o) + 2(C“H 4 N t ) 

Diazo-amido-bcnzol. Nitrous ucid. Water. Diazo-bcnzol. 

Compounds analogous to diazo-benzol are readily produced when 
nitrous acid acts on a solution of an ami dated organic substance in 
aqueous or alcoholic nitric acid. They are always obtained in the 
state of nitrate. (See Properties of Primary Mon amines). 

These products are transformed into hydrates disengaging nitrogen, 
when boiled with water : 

(CW, + (*}<>) . ( c ™‘} o) + (*}) 

Diazo-bcnzol. Wutcr. Phenol. Nitrogen. * 

i 

Dehydrating Agents. — Wo have already seen that sulphuric acid is 
a dehydrating agent. Chloride of zinc and phosphoric anhydride act 
in the same manner, and are preferable to it. AYe shall not dwell on 
the mode of reaction of these bodies. They simply separate water from 
organic substances. Sometimes this elimination takes place at the cost 
of a single molecule, sometimes at that of several organic molecules : 

(C 2 n fl O) = (0*H 4 ") + (IPO) 

Alcohol. Ethylene. Water. 

2(C 2 H*0) = (C 4 H“0) + (IPO) 

Alcohol. Elhcr. Water. 

Sulphide of Phosphorus. — M. Tvekul6 uses the sulphide of phos- 
phorus in order to substitute sulphur for oxygen in acids and alcohols : 

+ (re-) . »( <ra 5}s) + (p-o-) 

Acetic acid. Pod tu sulphide Thiucetlc acid. Hiosphoric 

of phosphorus. anhydride. 

Potash and Soda. — These bodies may be used in aqueous or in 
alcoholic solution, in a state of fusion, or in that of mixture with lime. 
Potash-lime possesses an advantage over potash in that it does not so 
readily attack vessels of glass or porcelain in which operations are 
conducted. 
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The reactions \o which the caustic alkalies give rise are very nume- 
rous. 

1st. They can combine directly with certain organic molecules: 
sometimes these molecules are acid anhydrides, and sometimes they 
are only non-saturated bodies. In any case a salt is produced from 
which an acid may be extracted which differs from the original body 
by the elements of water : 


(0 a H‘0*) + (K | = ( C . n »KO*) 

I-iAClic Potossic Potossic lactate, 

anhydride. hydrate. 


(CO") + (J [ o) = (ClIKO*) 

Oxide of Potossic Potossic funniatr. 

carbon. hydrate. 


(C ,0 H“O) + 


Camphor. 


(n [ °) = (C ,o n ,7 KO') 

PotasRic PotoKsic rainpliolate. 

hydrate. 


2nd. They undergo doublo decomposition with acids : water is elimi- 
nated and,a salt is formed: 

•rs}o) + (gjo) . ct}o) + ®}o) 

Acetic acid. Potasslc Potasslc acetate. Water, 

hydrate. 

3rd. They cause oxidation, di songaging hydrogon. This reaction is 
*a double decomposition, in which, the organic substance and the alkali 
unite, losing hydrogen instead of water : 


r?}) + (i}») - + in 

Aldehyd. Potash. IV»tasRic acetate. Hydrogen. 

CTH + (5|°) - Ci)°) + 2 (»!) 

Alcohol. Potash. Potasnic acetate. Hydrogen. 


4th. They transform the organic matter on which they act into an 
isomeric compound. In this manner, under their influence, furfur- 
amide is converted into furfurine, and hydro-benzamide into amarine. 

5th. They cause hydration and a subsequent double decomposition. 
Thus nitriles and amides fix water, and the ammoniacal salt produced 
is transformed into ammonia and an alkaline salt by double decomposi- 
tion : 


C3}») - (i}o) 

Acetamide. Potasslc 

hydrate. 



Ammonium. I*otassic acetate. 


3 d 2 
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6th. From those bodies which contain chlorine of addition, they 
remove half that chlorine, and it may be eliminated without taking 
hydrogen with it. The alkalies act in the same manner on bromi- 
nated or iodized compounds : 

(CTO) + (!}0) = (C*H*C1) + ci} + (h}-°) 

Chloride of Potash. Chlorinated Potasslc Water. 

ethylene. ethylene. chloride. 

(C*H*Br*) + 3 (h}°) = 3 (lr}) + 2 (S}°) + V™) 

. Bromide of Potash. Bromide of Water. Brominatcd 

hibromlnated potassium. acetylene, 

ethylene. 

For these reactions the alkalies require to be in alcoholic solution. 

7th. Potash or soda do not always act on brominated or chlorinated 
compounds of substitution. Sometimes they exercise an action iden- 
tical with the preceding, and they can also cause the substitution of 
OH, or if alcoholic solutions be used, of (C 2 H 6 0) for Cl : 


(OTT’Cl) 

II 

+ 

K' 

Cl 

} + df°) 

-f (W) 

Chloride of amyl 
(chlorinated hydride 
of amyl). 

Potash. 

Potassic Water, 

chloride. 

Amylene.) 

(C*IPBr) 

+ 

Q 

II 

K 

Br 

} + @0) 

+ (O’ 11 ’) 

Brominated 

ethylene. 

Potash, 

Potassic Water, 

bromide. 

Acetylene. 

/CTBPCIO 

}o) + 

■ (11°) ■ 

■ raw 

+ M 

Potasslc chloracetate. 

Potash. 


Potassic glycolate. 

Potassic 

chloride. 

(OWj) 

> + (5}.o) 

- ( 

T( °) - ( 

tTH'Cl) n \ 
C*H‘| U ) 

Chlorinated chloride Potash, 

of benzoyl. 


Alcohol. Chlorinated oxide of 

ethyl and benzoyl. 



+ 0,1 

+ 

©0) 




Potasslc 

chloride. 


Water. 



This latter mode of reaction is produced more easily if ethylate of 
/C*H 6 ) \ 

sodium l Na f °} obtained by dissolving sodium in alcohol, be substi- 
tuted for potash. 

Oxide of, Silver.— The oxide of silver sometimes acts as an oxidizing 
agent, and is itself reduced to the metallic state. 

In presence of water it acts on chlorinated substanoes in the ' same 



CBYSTALLINE FORM. 


773 


manner as potash does, that is to say, it removes hydrochloric acid from 
them, or it causes the replacement of Cl by OH. 

Acetate of Potassium or of Silver. — These salts enter into double 
decomposition with chlorinated, brominated, or iodized compounds, 
and give rise to the replacement of halogen metalloids by the halogen 
residue of acetic acid (C'H^O): 

rsi°) + ra) - r™-}°) ♦ i&i 

Acetate of silver. Chloride of Acetate of ethyl. Chloride 

ethyl. of Oliver 


RELATIONS BETWEEN THE PHYSICAL PROPERTIED AND 
THE COMPOSITION OF ORGANIC SUBSTANCES. 

It is to be expected that all the physical properties of bodies should 
bear some relation to their composition. Those properties in which 
certain relations of this kind have been proved are : 

The crystalline form, the point of fusion, tho boiling point, the 
index of refraction, the specific heat, and tho density in tho liquid state. 

Crystalline Form. — The phenomena of isomorphism are often 
observed between a given body and its chlorinated, brominated, or 
nitrous derivatives. These phenomena are not always observed, but. it 
is possible that this may be owing to isomerism. The derivatives of 
naphtlialin each exist under several isomeric modifications, tho respec- 
tive terms of which aro isomorphous. These derivatives may be 
' classed in three series : 

1st. A series a, in which the crystals assume the form of six-sided 
prisms of 120°, aro soft, cleave parallel to their axis, and dissolve readily 
in ether, but sparingly in alcohol. 

2nd. A series ft, in which the throe sides of tho prism aro almost 
equally inclined towards each other (100-10fi°). 

3i-d. A series y, in which the naphthalic derivatives crystallize in 
prisms of the rhombic system (112-113°), which form small elastic 
needles. 

Many cases of isomorphism are found among the nitrous derivatives. 
Thus binitrous, trinitrous, and pentanitrous phenol all crystallize in 
the same manner. When bodies are both isomeric and isomorphous, they 
are called isomoromorphous. In order to understand these compounds, 
let us take a molecule of naphtlialin C ,0 H 4 H*I1*. If Cl* bo substituted 
for H*, we have C 10 HH1*C1 2 . Then, if Bi* he substituted for II*, tho 
compound C ,0 HWCT is obtained. Jf, instead of commencing with 
chlorine, bromine were used, tho body C I0 H 4 01 2 Br* would be formed. 

These two bodies are isomeric, as bromine and chlorine do not 
leplacethe same atoms of hydrogen, and they are isomorphous, because 
the ntoms are similarly arranged ; they are isomeromorphovs. 
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Bodies are said to bo paramorphous when they crystallize in similar 
forms, but in different systems, such as the tetrachloride of naphthalin 
C 10 H 8 C1 4 , and the tetrachloride of chlorinated naphthalin C 10 H 7 C1C1 4 . 

Those bodies arc called hemimorphous which arc very similar in 
their chemical composition and functions, and crystallize in forms of 
which several angles are alike and others very different, whether these 
forms belong to the same system or not. Such arc : the formiate Of 

barium O 2 ^, tho propionate of barium 

and the acetate of barium ^Ba"|® 8 + a( l , ) # 

M. Gaudin has recently published several communications in which 
he professes to be able to deduce the arrangement of their atoms from 
the crystalline forms of bodies. But the forms this chemist is obliged 
to attribute to the molecules arc not in conformity with the laws of 
atomicity. Until he can modify his theory, so as to bring it into accord- 
ance with these laws, it need not be taken into consideration. 

Point of Fusion. — Homologous bodies have a fusing point which 
becomes higher the more their molecule is complicated. This rule' is 
general with the fatty acids C"H 2 "0*. It has also been observed that, 
in the chloro-conjugato or broino-conjugate derivatives, the point of 
fusion rises with tho number of atoms of chlorine or bromjne which 
enter into the molecule. But in order that this latter law be verified, 
only those derivatives of a body which arc isomorphous must be com- 
pared, and their isomerism must be taken into account. 

Thus, in the three sories of naphthalin derivatives, wo have, accord- 
ing to Laurent : 


Serifs a. 

C ,# H‘C1* . 
c ,0 im 3 . 
CHUKT* 
C ,# H‘C1 4 . 
C 10 H‘BrCl 3 
C w H*BrCl“ 

Series p. 

c lo n a ci* . 

C ,# H*Br* . 
C ,0 H’C1 S . 
C“C1". . 


Fusing point. 

liquid 

75° 

80° 

100 ° 

110 ° 

143 ° 


50° 

59° 

79° 

172° 


Series y. 

C ,0 II 4 C!l 4 128° 

C ,0 H 4 Br 2 C] 2 166° 

C“H*BrCl 4 165-168° 


The compounds of tho preceding bodies with chlorine have no regular 
fusing point, but it is remarkable that when melted they solidify, 
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sometimes at oile temperature, sometimes at another, and they assume 
different crystalline forms according to the temperature at which they 
are solidified. 

Boiling Point. — By examining the boiling points of a great, number 
of homologous bodies, M. Kopp has discovered the following laws: 

1st. Homologous bodies have boiling points which increase or dimi- 
nish* by 19° for each addition or subtraction of CII 2 . Thus, me thy lie 
alcohol CffO boils at 19° lower than vinic alcohol C 2 I1°0. 

2nd. The boiling point of an acid is 40 J above that of the alcohol 
from which it is derived by oxidation. 

3rd. A compound ether boils 82° below the acid which has the same 
’formula ; thus, the acetate of methyl boils 82° lower than propionic 
acid. 

From this we deduce that a methylio ether boils at 03° lower, an 
ethyl ic ether at 44° lower, and an amylic ether at l.T higher than the 
corresponding acid. 

Moreover, Gerhardt states that each atom of carbon raises the boiling 
point 35°, and that each double atom of hydrogen lowers it. 15°, which 
for Oil 4 would give a difference of 20°. Kopp thinks that each atom of 
carbon raises the boiling point 29°, and that each double atom of 
hydrogen lowers it 10\ which would give the difference of IIP 
for CUV 

M. Chancel, remarking that boiling points calculated according to 
Kopp ? s law are generally too high, has proposed to substitute for this 
law that expressed by the following formula : 

E = C+(nl 9) — 0*fm 2 . 

E is the boiling point of a compound, 0 that of the first term of the 
series, and n represents the number of the order of the compound in 
this scries. 

M. Ivopp’s laws are far from being accurate in all cases. It is known 
that the difference is greater than 19° for CII* in the homologucs of 
oxide of ethyl and in those of benzine, and that it is less than this 
number in the homologucs of acetic anhydride ; but, M. Wurfz lias dis- 
covered a still more remarkable exception. In llic glycol series, the 
boiling point decreases from the first term, ordinary glycol ( ‘IPO 4 , to 
the fourth term, amyl-glycol C 6 H ,2 O a . Beyond amyl-glycol the boiling 
point rises with the molecular complication. 

These differences may be owing to several causes. One of the chief 
is isomerism, because two isomeric bodies often boil at very di He rent 
temperatures. Perhaps such bodies, though considered as homologous, 
are only isomers of their respective homologucs. 

M. Regnault has found that, if the boiling points of different homo- 
logous bodies be taken under different pressures, the curves of the 
boiling points which arc obtained are not parallel. Jt is therefore 
possible that in each series there may bo constant differences between 
the boiling points of homologous bodies, but that these differences only 
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exist under certain pressures which may vary fronft one series to 
another. It may even be supposed that the variations the pressure 
undergoes on changing the series, in order to obtain constant differences 
in the boiling points, themselves follow a determined law which may 
one day be discovered. 

M. Berthelot, in his “Organic Chemistry,” adds the following 
remarks to M. Kopp's laws : • 

1st. When several bodies are formed in an analogous manner by tho 
action of a compound on several different substances, an almost iden- 
tical difference is observed between the boiling points of these bodies 
and those of the substances whence they are derived ; which may be 
expressed by the formula E — e = F— f±a, calling E and F two gene- 
rators of tho bodies e and /, and a being a constant. Thus : 


Alcohol CTEPO boils at 

Hydrochloric ether C 2 H n O+HCl — IPO boils at 

Acetic acid CTPO 2 boils at 

Chloride of acetyl C 2 H<0*+HC1-IP0 boils at 

Alcohol C 2 H 6 0 boils at 

Ether C 2 H‘0+C 2 JF0 -H 2 0 boils at ... . 

Ally lie alcohol C s II 8 0 boils at 

Allyl-ethylic ether CTO+C'ffO-ffO boils at 


Difference. 



2nd. When a molecule of water is removed from or added to an 
organic compound, its boiling point is lowered or raised 100° or 110°. 

Amylic alcohol C B I1 12 0 boilB at 132°; amyleno C 5 H 10 boils at 35°: 
difference 97°. 

From this and the preceding rule we deduce that the fixation of 
HOI raises the boiling point about 44°, and tho fixation of HBr, 73°. 
In reality, the fixation of IPO would raise the boiling point 110°; but 
on substituting a molecule of hydrochloric acid for a molecule of water 
in the oxygenized body produced, its boiling point would be lowered 
66° ; the chlorinated compound would therefore differ from the original 
compound by 110—66, or 44°. So 73° are calculated for the addition of 
HBr, on the supposition that the substitution of HBr for H 2 0 lowers 
the boiling point 37°. 

3rd. The lowering of the boiling point in consequence of tho elimi- 
nation of H 2 0 applies to the compounds formed by the union of 
two distinct principles. In order to find the boiling point F of these 
latter compounds, knowing those E and f of their generators, we have 


the formula : E+/ — 120 = F. 

Acetic acid boils at 1 1 7° = E 

Alcohol boils at 78°=/ 

E-f /= Toe® 

Acetic ether boils at 74° = F 

Diference between E -f /— F = 121° 
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4th. In a mote general way, the boiling point of a complex body is 
plainly equal to the sum of the boiling points of the generating bodies, 
less that of the bodies eliminated. 

From the formula : 

E — e = F — / ± a 

we get : 

E 4-/— e =F ± a 

The preceding laws are far from being generally applicable to all 
bodies in organic chemistry. This may be proved by representing the 
boiling points of the homologous scries graphically in the following 
manner : 

Let the exponents n of the carbon bo taken for abscissa;, and lho 
boiling-points t of the different homologous bodies for which this ex- 
ponent is 1, 2, 3, etc. for ordinates ; let the points thus determined he 
joined by a continuous lino, and we shall have a lino which will render 
manifest the relations which exist between » and /. The lino will bo 
straight, or nearly so, for alcohols, the fatty acids and their ethers, and 
curved for the carbides of hydrogen (V*1T*\ as Favre and Silbermann 
liavo remarked, and for the carbides C"I:P b,+a . 

The line which joins the boiling points of lmtylcno, amyleno, liexy- 
lejjie, cenantliylene, and capryleno, is not very regular, owing to the 
different sources from whence these products arc extracted, and conse- 
quently to the possibility of their being isomers, it is not so with the 
curve of the polymois of amyleno, compounds evidently of similar con- 
stitution: this curve is represented in the interval found by the equa- 
- tion : t= 140 + 41 n - 1 -3n* -f 0-02« :i . 

The curve of the hydrides of American petroleum is blended 

with the preceding line in its higher terms. 

A remarkable inflection is observed in the line of the glycols ; amy- 
lenio glycol constitutes a well-marked minimum : the curve of the 
hydrates of the carbides C M II*” presents tho same peculiarity, and the 
hydrate of amylene is the furthest removed, by its boiling point, from 
the isomeric alcohol. 

Tho samo mode of representation is applicable to series which are 
not homologous, to the series C“Il 2H+a O , ‘ for instance, which comprises 
wood-spirit, glycol and glycerine, alcohols whose atomicity is expressed 
by tho exponent of tho carbon which they contain. 

Tho curve corresponding to this series is still undetermined, owing 
to .tho uncertainty existing on the subject of the boiling point of 
glycerine ; but it clearly indicates that crythrite should boil (a theo- 
retical deduction from its decomposition) at about 305°. On taking the 
boiling points 65, 197, 277, for the alcohols named above, we obtain by 
the equation t = 119 + 21 On - 26»*,— which represents the curve in 
its known parts, — the number 305. 

The table on page 778 shows all the relations discovered between 




Specific Heats. — We said, in the early part of (his work, that in a 
* This table of boiling points has been constructed by M. Salet. 
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solid molecule* the different simple atoms retain their specific heats. 
As since the specific heat given for each simple atom is 6*666, the 
product of the weight of a molecule P, multiplied by its specific heat 
C, will give n G*66G ; n being the number of atoms of which it is 
composed. 

Knowing the formula of a body, wo may ascertain the number 
n 6*666, which represents its molecular heat, ami on dividing this 
number by the molecular weight, wo obtain the specific heat of the 
substance. 

However, by this moans only an approximation to the true spociiic 
heat can bo obtained ; and, besides, Woestyn’s law docs not apply to all 
•bodies.* 

Heat of Combustion. — MM. Favro and Silbormanu havo determined 
tlie heat of combustion of a great number of organic substances ; but 
until lately no attempt has been made to apply the results of theso 
researches to a theory of thcrmo-chcmistry. 

M. Berthelot has recently supplied this deficiency by publishing 
some researches in thcrmo-chcmistry which greatly increase the interest 
attached to the experiments of these chemists. The following is a 
summary of his views : 

Starling from the hypothesis that in the case of chemical compounds 
tho atoms of bodies which enter into combination are precipitated upon 
each other very sharply, and that, the heat disengaged in those combi- 
nations is owing to their collision, M. Berthelot thinks lie can apply 
tho principles of the mechanical theory of heat to thcrmo-chcmistry, fur, 
on the above supposition, chemical reactions are reduced to very com- 
plicated mechanical phenomena. ITo therefore states, that just as in 
bringing a mechanical system from an initial to a final state, a certain 
amount of work is necessary independent of that by means of which 
the transformation is actually accomplished, so the following theorem 
maybe stated as a general principle in thcrmo-chcmistry : “When a 
system of simple or compound bodies undergoes chemical or physical 
changes, which cause it to pass to another state without producing 
mechanical effects external to the system, the quantity of heat disen- 
gaged or absorbed entirely depends on the initial and final states of 
the system, whatever may be the order and character of the interme- 
diate states.” This is the theory of the calorific equivalent of chemical 
transformations. 

In order to establish his theorem, M. Berthelot assumes, a priori, the 
equivalence between the quantity of heat disengaged or absorbed in a 
chemical transformation, and the amount of molecular actions necessary 
to produce it. 

Ho thence deduces that : 

* It may here be remarked that M. Kopp has shown by recent experiments that 
the variation in the specific heats of carbon, boron, and silicon (see page 25), in their 
different allotropic states, is not sufficient to account for the; fact that the ical atomic 
weights of these bodies do not correspond to those deduced from their atomic heats. — Ti:. 
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1st. The heat disengaged in the decomposition of a body is equal to 
that absorbed in its formation, provided that the initial and final states 
be identical. 

2nd. The quantity of heat disengaged in a series of transformations 
equals the sum of the quantities disengaged in each transformation, if 
the bodies finally produced be identical. 

3rd. The difference between the quantity of heat disengaged in'* two 
series of transformations, starting from two distinct states to arrive at 
the same final state, is equal to that disengaged or absorbed in passing 
from one of the initial states to the other. 

4th. If a body a disengago heat in uniting with b to form ab, and if 
ab then yield a to a third body c to form ac, the quantity of heat disen- 
gaged in this reaction is loss than that disengaged in the direct forma- 
tion of the compound ac, by that of the quantity of heat disengaged in 
the combination of ab. In one case we start from the initial state ab 
to arrive at ac, and in the other from the slate a and the state c to 
arrive at ac : consequently, in conformity with the third principle, 
the quantity of heat should bo less by that necessary to produce the 
initial state ab. 

M. 13erthelot has studied these phenomena. The heat of combina- 
tion should bo in ratio to the external mechanical offccts produced in 
the reaction ; for instance, it should be different in four cases tvhich ho 
cites : , 

1st. Two gases exposed to the atmospheric pressure are mixed in a 
reservoir in which they combine without exploding. 

2nd. The combination takes place with explosion. 

3rd. The combination is mado in a receiver in which the gases are 
submitted to pressure, but without explosion. 

4th. Tho gases may be mixod, subjected to pressure, and thrown 
into the atmosphere, the gaseous jet being ignited. 

The first is the normal condition, there is no external work produced, 
And the heat disengaged corresponds to the force of the chemical com- 
bination of the two gases, and represents it. In the case of the explo- 
sion, there is a mechanical effect, and consequently heat absorbed, and 
the total heat disengaged is less than in the first case. According to 
theoretical considerations, tho third case should give the same heat as 
the first. In the fourth case, the powerful force of the jet of gas com- 
pressed and thrown into the atmosphere is destroyed, that is to say, is 
transformed into heat which should bo added to the heat of combination 
properly so called : this effect may, however, be compensated, for the 
molecule*? of the gases communicate their force to the molecules of the 
air, which causes an expenditure of forco. 

It is under these latter conditions that the heat of combustion of 
gases has been determined, but the source of error indicated may be 
overlooked as the gases do not pass into the calorimeter very quickly. 
We may therefore say, that in all the experiments given below for the 
heat developed by the combination of gases, there has been no appro- 
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dable work to* accompany this combination. After thus eliminating 
external work, M. Berthelot proceeds to consider the influence of 
temperature on tho heat of combination. The quantity of heat disen- 
gaged in a combination varies with tho temperature at which tho com- 
bination takes place. 

This variation is expressed by a formula which M. Berthelot explains 
in tile following manner : 

Let Q, be the heat disengaged, when tho combination takes place at a 
temperature t. 

Let U be tho heat necessary to bring the initial system without chemi- 
cal combination from t to T : this heat is absorbed by the system. Let 
tJ T be the heat of combination of the system previously heated to T, 
and let V be the quantity of heat that would be disengaged if tho pro- 
ducts of the reaction were restored without chemical change from T to 
t. The initial and final states boing tho same in both eases, that is to 
say when the combination has been directly effected at /, and when 
the system has been previously heated to T, and after reaction restored 
by cooling to t , we shall have : 

Q# = Qt U -f- Y, thence Q T = Q, -f- U — V 

(U — V) represents the variation of the boat of combination, with the 
temperafure. 

• But U = Mj + Ma + m 3 . . . which belong to each of the siinplo or com- 
pound bodies which form tlio initial system : so Y = «, + + • • • 

Theso equations are rosolved into heat absorbod without change of state 
by the simple change of temperature, and heat absorbed with change 
of state. The first of these is obtained by multiplying the mean specific 
heat of each of these bodies by the coiTosponding intervals of temperature 
/, and by the weight of the body experimented on. Tho second term is 
composed of the molecular heats of fusion or vaporization (heats of 
fusion and vaporization multiplied by the molecular weight of each 
body). In the case in which tho state of the bodies is not changed, the 
formula for the heat of combination is 

Qx = Qt + [Sc - 5c,](T - 0- 

2c being the sum of tho mean specific heats of the original body for tho 
interval t which is considered, and 2c, , the same amount for tho final 
system. It is clear that, in this case, the heat of combination would 
increase with the temperature, when 2c exceeds 2c,. 

In cases where the component bodies and the compound all possess 
the same solid liquid or gaseous state, for instance, IP and ( ) forming 
H*0 below 100°, amylene and water forming amylic alcohol, or S and 
Pb forming sulphide of load, experiment shows that the sum of the 
specific heats of the components is often greater than that of the com- 
pound, and, consequently, the heat of combination increases for the 
space of t , under which this condition is realized. 

If for a space of time, t which does not coiTespond to any change of 
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state, it happens that 2 c, scarcely differs from Sc, and that the heat 
of combination be very great, the correction [ 2 c— 2 c,] (T— t) may be 
omitted. 

But this is not the case where there is a change of state ; lot /„/ a • ■ , 
be the molecular heats of fusion of the bodies in the initial system ; 
/',,/a • • •> the corresponding values for the bodies in the filial system ; 
<^>i,02 . . ., the heats of vaporizati* >n of the bodies in the initial system ; 

tho same value for the bodies in the final system ; let 
/„ <2, t A . . . t a be the temperatures corresponding to these points of 
fusion and of vaporization classed in order increasing from t to T. 

Let c and c, be the mean specific heats for the interval from t to t u 
r! and c\ for that of to <*, c( a ) and c,( a ) for that of t a to T. 

On introducing these into the original formula, the following form 
is given to U and V : 

U = 2 c(£i — t)q-2c r (t2 — ^i) -j~ • • • -f- 2 c a (T — fa) -{- 2 f -j- 2 <£ t 
V = 2 c 1 (< 1 -/) + 2 c , 1 ft-t I ) + . . . + 2 c,-(T-fa) + 2 /+ 2 *'; 

and the general formula becomes : 


Q t =Q,+(2c-2c i )(* 1 -0 + . . . + (2c- - 2c,- )(T -f«) 

-f* 2/* ~f" 2$ — 2/^ — « 

The term (2c — 2 c,)(f, — f) may bo overlooked when tho heat of com- 
bination is very great, and when an approximation only is required : 
the simplified formula would in this case be, Q T = Qf + 2/+ 2<£ — 2T 
— 2 <£\ 

In some cases the molecular heat of fusion being much less than 
that of vaporization, may bo neglected in comparison with this latter ; 
it will only be necessary to take tho heat of vaporization into account. 

Here we find another simplification : M. Bcrtholot, basing his ideas 
on the figures given by M. Kegnault, says that tho heat necessary to 
convert a molecule of a great numbor of bodies into two volumes of 
vapour, varies between 0000 and 11,000 calories (units of heat), and that 
tho number 8000 may bo regarded as a mean. Taking this mean, tho 
heat of combination is calculated at a higher temperature than that at 
which it was found by experiment, as an approximation to the reality, 
by the following formula : let n and n ' bo the numbers of the atoms of 
bodies in the initial and final systems which become gaseous, we have 
Qt = Q<+(w— w') 8000. When n = n\ Q T = Q, the heats of combinations 
are equal at the different temperatures, which happens in the forma- 
tion of alcohol by water and olefiant gas between 0° and 200°, 
C“II 4 -f H ®0 = C*H? 0 . 

In the first term, two volumes of water become gaseous between 
0° and 200° ; and in the second, two volumes of alcohol also become 
gaseous in passing from 0° and 200° • n is therefore equal to n', and the 
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quantities of heat disengaged in this reaction will bo the same at the 
different temperatures between 0° and 200°. 

We therefore see that the heat disengaged in chemical combinations 
is not generally constant: it varies with the physical state of the 
bodies and the temperature ; the quantity can only be compared 
when the bodies are in the same conditions. The heat of combination 
of gaseous Cl and H to form gaseous IIOl, cannot be compared with 
that of I solid and H gaseous to form III gaseous. Before making 
the comparison, the bodies must be brought to the conditions in 
which such a comparison is possible. M. Berthelot thinks this can 
bo done by such an elevation of the temperature as will bring tho 
bodies which enter into combination, and tho product of this com- 
bination, to the state of pure gases. The molecular specific heat 
of simple gases of the formulas IP, N*, 0\ is tho same, viz., 6-85. 
Tho compound gases, approaching tho state of perfect gases, also 
possess specific heats equal to the sum of thoso of the simple gases 
which compose them. Starting from the temperature at. which it 
acquires a perfectly gaseous state, tho molecular heat, of the compound 
should become independent of tho temperature equal to the sum of 
tho molecular heats of the component gases, 2c- Sr',, and the general 
formula will become Q T = Q„ because in tho formula Q T = Q, + U — V, 
U would be equal to V. M. Berthelot calls “ atomic (molecular) heat 
of # combi nation ” the heat disengaged at tlio temperature at which the 
components and compounds may be considered as perfect gases, and at 
which this heat is independent of a fresh mcroase of temperature. It 
follows from what has been said, that the heat of combination disen- 
gaged or absorbed in a chemical reaction is reduced to two terms. 

• a. The molecular heat of combination arising from the singlo effect 
of chemical affinities brought into action under comparable conditions, 
that is to say, when the bodies are in tho state of perfect gases. 

fi. The heat arising from changes of state, specific heat, or physical 
modifications of bodies. This second cause is the reason that tho 
quantity of heat disengaged or absorbed in one and tho same reaction 
varies according to circumstances. 

It is evident that in order to compare tho heat disengaged in 
chemical reactions the molecular heat of combination of the com- 
pounds must first bo found; but, unfortunately, this heat can very 
seldom bo determined, and represents an ideal definition whenever the 
bodies which enter into reaction cannot exist, in the state of perfect gas 
without decomposition. There is another method of bringing the 
bodies which enter into reaction, to a state admitting of comparison, 
which consists in producing such a decrease of temperature that all 
the bodies become solid ; in this case the equation would become 
Q. = Or+(Sc 1 -3to)(T-0. and H l >0 admitted as an approxima- 
tion, in the case of co ns iderable disengagement of heat, that the specific 
heats vary very little, and that therefore every time the bodies reacting 
are jsolid in tho initial and final systems, the chemical reactions may 
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be regarded as compatible. The comparisons would r be exact if an 
absolute zero could be reached : this is a condition quite as important 
as that of bodies being perfectly gaseous, but impossible to be realized 
even approximately in our experiments. 

But besides these cases in which the reactions may be compared' in 
all the bodies, there are groups of bodies having analogous chemical 
functions which, in the case of analogous reactions taking place under 
the same conditions, give disengagements of heat which may be com- 
pared among themselves. The formation of soluble salts by means of 
soluble acids and bases is an instance of this : MM. Favre and Silber- 
inann have shown that the quantities of heat differ very little in 
different acids and bases when they are dissolved in such a manner 
that a fresh quantity of water added to the solution produces no dis- 
engagement of heat : under these conditions of molecular separation, 
for instance, the differences between ammoniacal gas, caustic baryta, 
and potash, disappear, and the bodies thus dissolved are brought to 
states which are nearly comparable. 

But the quantities of heat disengaged in the formation of salts thus 
dissolved is very different from the heat of molecular combination 
corresponding to their formation under ordinary conditions, and wo 
really know nothing concerning the relation between these two quan- 
tities of heat. In his second essay, M. Berthelot applies tKo theore- 
tical considerations we have thus briefly stated to the calculation of tfio 
quantities of heat disengaged in tho formation of organic compounds. 
As the formation of organic bodies generally takes place too slowly for 
it to be possible to measure directly the quantity of heat disengaged 
in these reactions, indirect means must be used for this purpose. 
M. Berthelot explains by an example the method by which he calcu- 
lated these quantities, using for this the heat of combustion found by 
the experiments of Dulong, Andrews, Favre, and Silbermann, which 
had hitherto remained without theoretical value. Let us suppose that 
we have to calculate the heat disengaged in the formation of marsh 
gas. 

C +H 4 = CH 4 . This quantity of heat may be calculated when the heat 
of combustion*of carbon, of H, and of marsh gas is respectively known, 
which numbers arc given by MM. Favre and Silbermann’s experiments. 

Let us take C, H 4 , O 4 at 0°, and at the state at which we know these 
bodies. This system may be changed into 2(H 2 0) and CO 2 in two 
different ways : a. C is combined directly with O 2 , and H 4 with O 2 , to 
form CO* and 2(II 2 0). Tho heat of molecular combustion is easily 
calculated. Direct experiment gives this for unity of weight, and 
we multiply by the molecular weights of the bodies brought into 
reaction. We find that on this combustion, taking place at 0°, 232000 
represents the heat disengaged. 6. Marsh gas is formed with 0 and 
H 4 , which is accompanied by a disengagement of a quantity of heat 
which cannot be measured directly on account of the conditions of the 
reaction, and which we will call x . 
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The gas CH 4 thus formed, wo combine if with O 4 by the reaction 
CH*+ O 4 = CO a -f- 2(H 2 0), and measure the heat disengaged in this 
combustion ; it is equal to 210000. In both cases, wo started from the 
same initial system C, H\ 0\ to end in the same final system CO 2 
-f- 2(H*0) : the quantities of heat disengaged in tho two reactions 
should therefore bo equal among themselves. In the direct formation 
of CO 2 and 2(H 2 0) it has been seen that 232000 represented tho 
quantity ; in the second case, x amount of heat was disengaged at tho 
time of the formation of CH 4 , and 210000 is the calorific equivalent fur 
the combustion of CII 4 to form C0 2 -f- 2(II 2 0). We therefore havo 
232000 = x + 210000 and x = 2:12000 - 21 0000 = 32000 heat- units.* 

* M. Berthelot formulates tho law deduced from those considerations, 
which he used in all his calculations, I)}' saying that the differ- 
ence between the heat of combustion of two equivalent systems is 
equal to the quantity of heat disengaged or absorbed when one of the 
systems is transformed into tho otlior. We will sum up tho results 
M. Berthelot arrived at by the application of this law, without entering 
into details of the calculations. 

In the case of Ihe gradual oxidation of a body, with tho formation of 
successive terms containing tho same number of atoms of (_\ the quan- 
tities of hoat disengaged are evidently in proportion to the number of 
atoms of' O consumed. For the oxidation of C*]1"0, and its successive 
t^ansfoimation into aldehyd, acetic acid, and oxalic acid, the number 
of tho calorific equivalent corresponding to the consumption of each ( ) 
is about equal to 54000. For mcthylic alcohol it would be 50000. 

In the homologous series, tho quantities of heat disengaged by tho 
fixation of O* increases as tho equivalent rises. 

The study of isomerism may gain much by the consideration of 
thermo-chemical phenomena. Eveiy transformation of a body into an 
isomeric body is accompanied by an absorption or dif engagement of 
heat ; an example of this is seen in sulphur. 

We may see, a priori, that the amount of work, negative as well as 
positive, necessary to transform a body into its isomers is equal to O 
only in exceptional cases, and that as a general rule a disengagement 
or else an absorption of boat is necessary. Some data M. Berthelot. lias 
collected on this subject confirm what ho states. Tho heat of com- 
bustion of the liydrocarbidcs C lu n ,r ’ would be for 

Oil of lemon 14H0000 

— of turpentine .... 1475000 

Terebcno 1450000 

The two first hydrocarbides possess a rotatory power which the 
latter is without, and the absence of which entails a certain disengage- 
ment of heat corresponding to a molecular work which has caused this 
loss. This fact is confirmed by experiment : when terebcno is acted on 

♦ A unit of licat is tho amount of heut necessity to raise u kilogramme of watt* 
froirf (P to 1° centigrade. — Tit. 

3 K 
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by sulphuric acid, it loses its rotatory power and disengages a consi- 
derable quantity of heat ; however, this reaction is not very clear, for 
it is accompanied by the formation of polymeric products. 

The polymers also present interesting phenomena. The transform- 
ation of a body into its polymer is accompanied by a disengagement of 
heat. This is found, for instance, when terebene is transformed into 
diterebene. It is remarked at the same time that the boiling point' and 
the density increase, but that the specific heat remains unchanged. 

The comparison of metameric bodies having different functions is 
very interesting. With mothylic alcohol, formic acid can give two dif- 
ferent isomeric compounds : methyl-formic ether and acetic acid ; the first 
by direct union, and the second by means of the cyanide of methyl. 

The heat of combustion of the formiato of methyl is equal to 252000, 
and that of acetic acid to 210000 heat units. M. Berthelot thence 
concludes that the transformation of the formiate of methyl into acetic 
acid would be accompanied by a disengagement of 42000 units of 
heat. But it is a recognized fact that a considerable disengagement 
of heat, accompanied by a change of physical properties, corresponds 
to a more intimate combination of the component elements. In 
reality, in the case in question, methyl-formic ether may be easily 
transformed into formic acid and mothylic alcohol, while acetic acid 
presents a very much greater stability. M. Berthelot thence concludes 
that acetic acid is a first principle, and formic ether a secondary one, 
comprising under the first denomination the combinations more stable 
and intimate than those to which he applies, the second. The same 
fact is observed in the formic ethers of all alcohols compared to the 
acids which are isomeric with them, as well as generally in the acids 
C"H 2 "0 compared to tlic isomeric ethers. 

For instance, butyric acid in burning disengages 497000, and acetic 
ether 553000 units of beat. 

Caproic acid 812000 

Methyl-valeric ether 856000 

Generally, the more stable the compound, the greater is the heat 
disengaged in its formation. The compound formed under these con- 
ditions has a density and a boiling point higher than that of its isomer. 

M. Berthelot observes with reason that the reciprocal transform- 
ations of isomeric bodies belong to the most general notions of mecha- 
nical chemistry ; heat is disengaged: 1st, when several molecules unite 
to form a polymer ; 2nd, when a secondary compound is transformed 
into a primary one. Lastly, M. Berthelot applies the principles we have 
just enumerated to the study of the formation of the different series of 
organic bodies, which study is of very great interest, into which, how- 
ever, the limits of this work do not allow us to follow him. 

Atomic Volume. — The term atomic volume is applied to the quotient 
of the atomic weight of a body divided by its density. It is 
evident that if there were no space between the atoms, this would be 
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the volume of the atom itself. In reality this is not the case, because 
bodies contain considerable interspaces ; but as the spaco existing 
around atoms of the same nature is constant under the same conditions, 
the quotient spoken of also expresses a constant relation : it represents 
the portion of space occupied by a given atom, including the space 
which always surrounds that atom. 

On this conception of tlio term it is easy to understand that one 
body should have different atomic volumes, according to the combina- 
tions into which it enters and the place it there occupies. It is per- 
fectly conceivable that the atoms of oxygen, for instance, are more or 
less distant from each other and from the atoms of other bodies, 
‘according to tho part the former act in the compounds. 

Now that the words atom and molecule possess very distinct 
acceptations, it is also necessary to distinguish the atomic from tho 
molecular volume; this latter being the quotient, not of the atomic 
weight, but of the molecular weight divided by the density. 

In order to compare the molecular volumes of different compounds, 
it is necessary that the bodies should bo taken in as nearly as possible 
tho same conditions. 'When liquids are in question, they should ho 
brought to temperatures at which they have tho same tension of 
vapour, that is to say, to their boiling points. 

To be'able to determine the molecular volume of a liquid, it is there- 
fore necessary to know : 1st, its boiling point ; 2nd, its density at a low 
temperature ; 3rd, its coefficient of dilatation, from tho temperature at 
which its density has been ascertained to that at which tho liquid boils. 

ICopp has determined the molecular volumes of a great number of 

18 

organic substances, bringing all to that of water = - - ~ 18 ; he finds: 

1st, that tho molecular volumes of homologous compounds differing by 
w(CH*), differ from each other by n times a constant term, which is 
equal, as a mean, to 22. 

2nd. That the molecular volumes of isomeric compounds are identi- 
cal (at least when these isomers may be derived from the same type). 

3rd. That the replacement of ll 2 by 0 does not appear to modify the 
molecular volume. 

4th. That the substitution of 0 for IP in a compound does not cause 
any change in the molecular volumo. 

From the preceding data, M. Kopp has calculated tho atomic volumes 
of oxygen, hydrogen, and carbon in compounds. 

From the fact that tho substitution of C for II* docs not cause tlic 
molecular volume to vary, he draws the conclusion that C occupies the 
same space as II s . 

Knowing that the specific volume of CH 2 is 22, he thence concludes 

22 

that the atomic volume of C is — = 11, and the atomic volume of II 

& 
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Then he sought the atomic volume of oxygen of substitution, com- 
paring the molecular volume of an aldehyd or an acetone with that of 
the corresponding hydrocarbide. Thus, if from the molecular volume 

of aldehyd (56-0-56-9) that of ethylene (C*H 4 ) (44) bo 

deducted, there remains 56*44=12 for the volume occupied by the 
oxygen. 

On calculating the atomic volume of the oxygen of substitution 
in several bodies, he found the values vary between 12*0 and 12*9, and 
took the number 12 a 2 as a mean term. 

In order to determine the atomic volume of typical oxygen, he 
subtracted 11, that is to say, the atomic volume of II 8 from the number* 
18*8, which represents the molecular volume of boiling water. The 
difference 7*8 represents the atomic volume of typical oxygen. 

By means of these numbers, M. Kopp succeeds in calculating the 
molecular volume of an organic compound not nitrogenized C'H'^OyO 1 , 
multiplying the exponents a, 5, c, d, by the respective atomic volumes of 
the bodies to whose symbols they aro attached. Thus we have : a x 1 1 
-f-&X 5*5-j-cx 12*2 -j-dx 7*8 = Y ; Y boing the molecular volume of the 
compound. 

(0)° represents the oxygen of substitution and O* the typical 
oxygen. 

Gorhardt objocts to this calculation that it has the fault of being 
arbitraiy, one body possessing several rational formulae: but if the 
rational formulae of a body may bo varied in order to explain its 
reactions clearly, it can only be that the oxygen of addition becomes 
oxygon of substitution and vice versd. Now, at the present time, in a 
great number of bodies (acids and alcohols) we know how to dis- 
tinguish oxygen of addition from oxygen of substitution. 

In olhor bodies the distinction is less easy, but because M. Kopp’s 
formula can only be applied to the best-known compounds, it is no reason 
why it should be rejected : on the contraiy, it should bo a reason why 
it should be used to determine what is or is not typical oxygon in those 
bodies in which this question is still undecided. 

It is clear that, knowing Ihe molecular volume of a body, its density 

P P 

may be thence deduced : in fact, if V = D = the molecular 

volume may be used to find the molecular weight : we have Y x D = P. 

Index of Befraction. — Landult* has determined, by very exact 
methods, the indox of refraction and the density of a great number of 
bodies, relatively to three linos /ia, /a/ 5, and /Ay of the hydrogen spectrum ; 

w * 1 

he has also calculated the values in which n is the index of 

a 

refraction, and d the density taken at the same temperature as this 

* Foggendorfs Annalen , exxii., p. 545; and cxxiii., p. 595; and Annalen der 
Chemie und Fharmacie , iv. supplement, vol. i. 
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in which F represents the molecular weight of the 


substance. He calls the value given by this latter equation refrac- 
tion-equivalent. He uses the first in preference to that of Schrauif 


w*-l 


— , to which the name of refractive power has been given.* 


The substances on which ho has operated are : water, formic, aoetic, 
propionic, butyric, valeric, caproic, and oenanthylio acids; methylio, 
ethylic, propylic, butylic, and amylic alcohols ; the acetate of methyl, 
formiate of ethyl, acetate of ethyl, butyrate of methyl, valerate of 
.methyl, butyrate of ethyl, formiate of amyl, valerate of ethyl, acetate 
of amyl, valerate of amyl, aldehyd, valeral, acetone, oxido of ethyl, 
acetic anhydride, othylenic glycol, diacetate of ethylene, glycerine, 
lactic acid, phenol, essential oil of bitter almonds, salycylic aldehyd, 
salicylate of methyl, benzoate of methyl, and benzoate of ethyl. 

The first question Landolt considered was, “ Does the grouping of 
atoms in molocules exercise an influence on tho specific refractive energy, 
or doos this latter depend entirely on the centesimal composition, or is 
it quite independent of the intimate constitution of the body ?” 

Beckerel, Oahours, Dcvillo, and Delf had already discovered that 
metameric bodies, having very similar densities, also have indices of 
refraction which are almost equal. Schrauff went farther than this : he 
remarked that the absolute refractive power of metamoric orpolymerio 


w* — 1 

bodies, calculated from the formula — — , is tho same in all bodios of 

a 


the same group ; whence he concluded that the centosimal composition 
alone oxccrcised any influence on this refracting power. But after 
this, Dale and Gladstone found that for several bodies, isomers of the 
benzoic group, and for several polymeric hydrocarbidos, corresponding 


n — 1 

to the general formula wO'II 4 , the values of — were expressed 

by numbers which are sometimes identical, but often very difforont : 
they thence concluded, contrary to the opinion of tho previously-men- 
tioned authors, that, according to circumstances, isomerism sometimes 
does, and sometimes does not alfect the specific refractive energy. How- 
ever, their experiments were not sufficient to establish the conclusions 
deduced. The differences observed might arise from errors in observa- 
tion or from impurities contained in the substances operated with. 

In order to remove this latter source of orror from his experiments, 
Landolt operated with substances obtained by different modes of prepa- 
ration, and ho always found that, when the purification was perfect, 


* The expressions commonly used in English for those formula) are “specific 
refractive energy'* for n -^; “ absolute refractive power” for U ^ and “ molecular re- 
fractive power” or “refraction-equivalent” for — T. K. 
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the differences observed between the values of the refractive power 
did not exceed 0*004. 

The following table contains the result of his researches on meta- 
meric and polymeric bodies. P indicates the molecular weight. 


Mktamekic Bodies. 


Formula!. Nam f.b of Bodies. 

i 

! 

! 

Density =d. 

Index of 
refraction 
fj. a = n 

Specific 
refractive 
energy 
fia — 1 
c i 

Refraction- 

equivalent 

#40-1 

d 

i 

ctpo* ip-pi™- - iJ • • • 

n . [>,< Acetate of methyl . 

1 — 1 4 I !(Formiatc of ethyl . . 

. . ! 0 9963 

. . . 0-9053 

. . . 0-9078 

1 -384G 
1-3592 
1-3580 

0-3860 

0*3907 

0-3944 

28- 57 

29- 36 
29-18 

C 4 11 8 0 2 | (Butyric acid. . . . 

p __ g 3 j \ Acetate of ethyl . . . 

. 0-9G10 

. ■ 0-9021 

1-3955 

1-3707 

0-4116 

0-4110 

36-22 
36 17 

O # Il 10 O* ) (Valeric acid .... 
p - 102) \Butyrate of methyl . . 

i 

. . ! 0-9313 

. .10 897G 

1 

1-4022 
, 1-3809 

0-4319 
0-4311 j 

44-05 
j 43-97 

wGaproic acid. . . . 

C«n ,2 O a ) j] Vuleruto of metliyl . 

P = 1 1 G ( | Butyi-nto of ethyl . . 

' Foriniate of amyl . . 

. . 0-9252 

. . ! 0-8809 

. . 0-8900 j 

, . 1 0-8810 

i 1-4110 
! 1-3927 
| 1-3940 
1-3959 

0-4449 

0-4458 

0-4424 

0-4491 

51-61 

51-71 

51- 32 

52- 09* 

/i7TrH/ , V2 ) (t Euan thy lie acid 

V - iVn Y‘^™te of ethyl . . 

1 — A ,30 ) (Acetate of amyl . 

. . 0-9175 

. . 0-8074 

. . 0-8574 

( 

1-4192 

1-3950 

1-4017 

0-4500 

0-4554 

0-4085 

59-40 

59-20 

00-90 

C 4 n 10 O IJButylic alcohol . 

P = 71 1 (Oxide of ethyl . 

i 

. . I 0-8074 

. . ; 0-7160 

1-3940 

1-3511 

0-4879 

0-4900 

i 

36 11 
36-26 


Polym eric Bodies. 





Index of 

Specific | Refraction- 
refractive {equivalent 

Formula*. 

Names of Bodies. 

Density -d. 

refraction 
fia = n 

energy 
fia — 1 

d 


C 2 ] 1*0 = 44) 

... 

/ Aid eh yd 

0-7810 

1-3298 

0-4222 

18-58 

C 4 U*0 2 = b8f 

(Butyric acid .... 

0*9610 

1-3955 

0-4116 

36-22 

C 3 H 8 0 = 58 1 

i Acetone 

■ 0-7931 

1-3572 

0-4503 

26-12 

C®I1 12 0* = 110/ 

! (Caproic acid .... 

0-9252 

1-4116 

0*4449 

51-61 

(PIl 10 O = 86) 

(Valenti 

1 0-7995 

, 1-3861 

0-4830 

41-54 

O l,l H ao O a = 172) 

(Valerate of amyl . . . 

; 0-8581 

, 1-4098 

0-4775 

8214 

• 
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It will be* seen on inspecting this table, that metameric bodies, 
though presenting marked differences in their index of refraction jul, 
and fn their density d, only differ very slightly in their specific refractive 


energy ■ 


n — 1 


n — 1 . 


and in their refraction-equivalent — j- F. 


Hut however 


slight these differences may bo, they exceed those which might be 
attributed to simple errors of observation, and they exceed them in a 
marked degree when bodies are operated upon which are difficult to 
purify, like the compound ethers. The molecular grouping therefore 
exercises an influence on the specific refractive energy of bodies, but 
this influence is scarcely appreciable. 

The density and index of refraction of polymeric bodios increase 


when the molecule becomes double, but the value decreases a 

a 

little under the samo conditions ; whence it results that the refraction- 


equivalents - F are not exact multiples of each other. Besides 
a 

the observations on the preceding isomeric bodies, Landolt has made 
other experiments to determine the influence of the atomic structure 
on the specific refractivo power. 

Mixtures may be considered as not having any atomic structure, 
and some may be obtained which present the same centesimal compo- 
sition as a given definite compound. In the homologous scries these 
are easily prepared by mixing two terms of the series, the one above 
and the other below that whose composition is to be imitated. Thus 
on mixing : 


One molecule of 
acetic acid 

C 2 H 4 0 2 

+ 

with one molecule 
of butyric acid 

CMT 8 0* 

a mixture Ih obtained having the 
Kin no coini>oKlllon us propionic acid 

= 2(0 3 JF0-) 

Two of ethyl-alcohol 

2(C 2 1P0) 

+ 

one of umyl-iilcoliol 

C 6 JI l2 0 

same composition as 
propyl-ulcoliol 

= :5(C‘IFO) 

Three of methylic alcohol 

3(CH 4 0) 

+ 

one of ninyl-alcohol 

CTI ,2 0 

as ethyl-alcohol 

= 4(C 2 IFO) 

One of cthyl-alcohol 

C 2 I1°0 

+ 

two of mnyl-nlcohul 

2 (c i ir , o) 

us butyl-alcohol 

= ;i(C 4 H l0 O) 


Landolt has also prepared liquids which present the samo centesimal 
composition as glycerine by mixing : 


One molecule of propionic acid 


with one molecule of water 

Composition of glycerine. 

4 0 * 11 * 0 * 

+ 

H*0 

C S 1I*0» 

One of ethyl-alcohol 

C*H 8 0 

+ 

one of formic acid 

(JH*O a 

(m’O 3 

Cue of methyl-alcohol 

0H‘0 

+ 

with one of acetic acid 

C 2 H 4 0 2 
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On mixing equivalent quantities of essential oil of bitter almonds 
and formic acid, he obtained a liquid which has the same centesimal 
composition as the salicylate of methyl C 8 H 8 0 SI . 

The results of his reseaches will be found in the following table, in 
which fjxi, fi/3 and fiy indicate the indices of refraction taken in com- 
parison with the three lines of the hydrogen spectrum. 


Names of Bodies. 

d 

fia 

f* 


fia — 1 

d 

B 

] mol. of acetic acid . 

1*0514 

1*3099 

1-3765 

1*3802 



1 mol. of butyric acid . 

0*9010 

1-3955 

1*4025 

1-4065 



Mixture 

0*9930 

1*3851 

1-3918 

1 *3950 

0*3878 

28-69 

Propionic acid 

0*9903 

1-3846 

1-3913 

1*3951 

0*3800 

28-57 

3 mol. of methyl-alcohol 

0*7964 

1*3279 

1*3332 

1*3302 



1 mol. of amy 1-alcohol . 

0*8135 

1*4057 

1*4128 

1*4109 



Mixture 

0*8038 

1-3640 

1*3700 

1 *3735 

0*4528 

20-83 

Klhyl- alcohol. 

0-8011 

1 *3005 

1*3007 

1*3700 

0*4501 

20*70 

2 mol. of ethyl-alcohol . 

0-8011 

1-3605 

1*3007 

1*3700 



1 mol. of ainyl-alcohol . 

0 8135 

1 *4057 

1-4128 

1-4169 



Mixture 

0*8005 

1*3822 

1 -3887 

1*3925 

0*4738 

28*43 

Propyl -alcohol 

0-8042 

1-3794 

1-8858 

1-3893 

0*4717 

28*30 

1 mol. of ethyl-alcohol . 

0*8011 

1 *3005 

1*3007 

1*3700 

‘ 


2 mril. of umyl-ulcohol . 

0*8135 

1*1057 

1*4128 

1*4109 


86-l/ 

Mixture 

0-8104 

1*3901 

1 -4028 ! 

1*4008 

0*4887 

Butyl-alcohol. . . 

j 0*8074 

1-3940 

1*4007 

1*4045 

0*4879 { 

36-11 

1 mol. of propionic acid . 

0*9903 

1*3840 

1*3913 

1*3951 



1 mol. of water . 

1*0000 

1*3311 

1*3371 

1-3404 



Mixture 

; 10220 

1*3850 

1*3925 

1*3904 

0*3773 

34*71 

1 mol. of ethyl-alcohol . 

1 0-8011 

1-3G05 

| 1*3007 

1*3700 



1 mol. of formic acid. 

1 1-2211 

1*3093 

1 1-3704 

1*3804 



MixtuYe 

! 0-9002 

1 1*3010 

i 13075 

1 *3710 

0*3760 

34*59 

1 mol. of mcthyl-ulcoliol 

0*7904 

1*3279 i 1*3332 

1*3302 



' 1 mol. of acetic acid . . 

1*0514 

1*3099 

1-3705 

1 *3802 



Mixture 

0-9606 

1-3594 

1 *3050 

1*3092 

0*3741 

34*42 

Glycerine 

1*2015 

1*4706 

1*4785 

1*4828 

0*3731 

34*32 

1 mol. of benzoic aldehyde 

1*0474 

1*5391 

1-5624 

1-5775 



1 mol. of formic- acid. . 

1*2211 

1 -3093 

1*3704 

1-3804 



Mixture 

1*0870 

1-4900 

1*5089 

1-5210 

0*4505 

08*48 

Salicylate of methyl 

1*1824 

1*5302 

1*5521 

1-5672 

0*4484 

68*10 


w 1 

This table shows that the specific refractive energy — and the 

w 2 — 1 

refraction-equivalent — P aro about the same for definite compounds 


— l 

and for mixtures of the samo composition. However, the value 

is a little more for mixtures than for the compounds. There is not a 
complete identity, but only a great approximation between them. Hdre, 
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therefore, as in the study of isomeric bodies, we arrive at the conclu- 
sion that molecular structure exercises an influence, but a very small 
one, on the specific refractive energy. 


Homologous Series . 

Berthelot was tho first to study the modification the absolute refrac- 
tive power undergoes, when we pass from one term to another 

in a homologous series. His experiments were not very numerous, but 
•he arrived at the conclusion that bodies which differ by nCJI* give a 

IV — 1 

difference of wl8 in the value — ^ — . Schrauff has tried to prove, from 
the observations of Delfs, that in the series C M IP'0 9 the refraction- 


equivalent 


IV -1 


of any term whatever is equal to the mean of tho 


refraction-equivalents of two terms equally distant from this moan 
term, one above, the other below, and that consequently, in homologous 
series, tho optical properties vary serially. Dale and Gladstone, who 
have also studied this question, have contented themselves with 


showing that the value 
cules. 


w — 1 
d 


increases when CIP accumulates in mole- 


Landolt, in his turn, has reopened the question, and we may deduce 
from his experiments :* 

1st. That generally an increaso in tho number of atoms of carbon 
and hydrogen produces an increase of the index of refraction, bub that 
sometimos tho reverse of this happens. Thus tho benzoate of ethyl 
has an index of refraction lower than that of benzoate of methyl. 


92 — 1 

2nd. That the specific refractive energy — increases when tho 


number of CIl 2 increases, but that tho quantities by which this value 
augments are unoqual, and diminish progressively as OH 2 is added to 
bodies more and more rich in carbon and hydrogen. 

IV — 1 

3rd. That the refraction-equivalent — -= — increases by a constant 


quantity, which is about 7’0 for each addition of OH*. 

Instead of experimenting on bodies classed in homologous series, we 
may operate upon bodies grouped in series according to characters other 
than tho addition of wCII 2 . Thus there are bodies whoso empirical 
formulas present constant differences between each other, but which 
have different functions. The study of such bodies enables us to 
determine, with more or less precision, the influence which their chemical 
constitution exercises on light. It is found that bodies which present 


* See Poggendorf s Annate n, cxxiii. 608 and 600, table iv. 
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tbe same difference in thoir composition do not give equal differences 

W ■“ 1 

in the value — P, as in cases in which their chemical constitution 
a 

is tho same. Tlie causes which determine the agreement or differences 
in these numbers become very clear when the rational formulas are 
examined. It is seen that the grouping does not exercise any influence 
on tho value of the specific refractive energy when the bodies under 
consideration arc derived from the same type, but that, on the contrary, 
it exercises considerable influence when these bodies belong to different 

types. Thus the refraction-equivalents of acetone ( CH 8 i7 

/ r a n 5 o i \ * 

propylic aldeliyd f J ^ M differ about equally from that of butyric 

acid, because propylic aldehyd and ordinary acetone arc very similarly 
constituted. 

Tho other series besides the homologous, studied by Landolt, are 
those of bodies whose formulas differ by »C, by nil 2 , and by nO ; omit- 
ting certain very refractive bodies which do not follow the same laws 
exactly. 

In those bodies which differ by wC, it is observed that the density 
and index of refraction diminish as the number of C increases, that the 

TO — 1 * 

specific refractive energy — r- docs not obey any regular and simple 

u 

Pw - 1 

law, but that the refraction-equivalent — - — increases about equally 
for each C added. 

For bodies differing by toII 2 , the density, index of refraction, and spocific 
n _ 1 

refractive energy — — , constantly increase with the augmentation of 

the number of IF, and it is the same with the refraction-equivalent 
Pto- 1 


Each addition of 0 causes an elevation of the density and index of 

TO — 1 

refraction, a diminution of the value — — , and a tolerably regular 


increase of the value 


Pto - 1 


Useful results are furnished by the modification of tho refraction- 
Tto — - 1 

equivalent — ^ — , which, by tho addition of each element, increases by 


a determined quantity partly depending on the constitution of the sub- 
stance. It has been seen that two groups of bodies, which differ 
among themselves by equal numbers of atoms of the same nature, 
present differences in their refraction-equivalents, which differences 
are almost equal when the bodies are derived from the same type. 
Thus for each addition of 0, the difference is from 5*41 to 5*43, when 
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the two bodies ■compared are monatomic, and are derived, one from the 
water type jj|o, and the other from the hydrogen type jj^J, as is the 

case with methylic alcohol j and the hydride of acetyl 

( 0 TI .h}) : et ' h y H ° alcohol ( C T/[ °) and acotono (°S}) 

The differences change and vary between 4*75 and 4*80 when the 
compounds are, one monatomic and tlio othor biatomic. As, for instance, 


lactic acid 


^ H a }° 2 ) an< * aoct * c anhydride (q«]jsq | 0^ ; glycol 

( C *H*}° 2 ) and Propionic acid O}. 

These observations aro also applicable to bodies which differ, not by 
wC, but by »H* or by wO. It will be*, seen that for the samo number of 
H a or O more or less, the differences between the refraction-equivalents 
of monatomic bodies are not quite the samo as those of the refraction- 
equivalents of polyatomic bodies ; moreover, with bodies having great 
specific rofractivo energy, irregularities are observed which are owing 
to the disturbing influence of dispersion, which influence may bo dimi- 
nished by replacing the index of refraction found //. by tlio index 

deduced from Cauchy’s formula /a = — ; but its effect is still not 

A 

entirely removed, Cauchy’s formula not being perfectly exact. 


Indices of the Be fraction of the Elements . 

As the refraction-equivalents of bodies whose formulae differ by wC 
themselves differ by »(4‘75-5*43), and as the differences correspond- 
ing to the increase of the number of atoms of hydrogen and oxygen are, 
for wJI*, 2*(J6-2'12, and for nO, 3*24-2 , 45, let the mean be : 

For oachC 5*09 

— H 2 . . . .2*40 thence for each H — 1 # 20 

— 0 2-85. 

The numbers 5 ■ 09, 1 • 20, and 2 • 85, respectively represent the refrac- 
tion-equivalent of carbon, hydrogen, and oxygen. 

These numbers may be arrived at in another way : 

It has boon seen that the addition of nOH* raises the refraction- 
equivalent »7*G0. If from the refraction-equivalent of the acids 
C"H 2 *O a , which may be represented by the formula C"IP ,+ 0‘, the value 
corresponding to nCIl 2 be subtracted, there remains for O 2 the (mean) 
number 6, that is to say for O, the number 3. 

If, on the other hand, from the refraction-equivalent of the alcohols 
0“H 2 " + *0, the values corresponding to wOH 2 and to O bo subtracted, 
there remains 2 • 6 for the value of H* or 1 *30 for that of IT. 

The refraction-equivalent of CM*, deduced from the observation of 
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homologous series, being 7*60, on deduoting that of H 2 -»H5ay 2*60 — we 
have that of carbon = 5. Landolt thinks that these latter numbers are 
the most correct, and ho therefore adopts : 

For the refraction-equivalent of carbon . . . . 5*00 

— — of hydrogen . . . 1*30 

— — of oxygon . . . . 3*00, 

It would be interesting to know whether the refraction-equiva- 
lents of the same bodies in the free state would be the same as the pre- 
ceding. The data we possess on this point are unfortunately not to be 
depended upon ; but we know that in the case of the diamond its index 
of refraction taken in relation to the red ray = 2*434 . . . and its density 
= 3*55. The atomic weight of carbon being 12, we get from these 
numbers : 

r»-l 12 x 2*434 -1 , 

— 3 “ = = 4 ' 8j - 

For hydrogen, the index of refraction in relation to the red ray is 
1*000138, according to Dulong ; and the density, according to Regnault, 
= 0*06927, thus P = 1. We have therefore : 

r«-l lx 1*000138 

d ~ ' 0*0927 = 1 ‘ o4. 

For oxygen, tlio index equals 1 *000272, the density 1 10561, and tiio 
atomic weight 16, thence: 

P»-l_ 16x1-000272 

d 1*10561 - 3 ’ 04 * 

These numbers approaching so closely those deduced from the study 
of organic compounds, it is very probable that the refraction-equiva- 
lent of these elements remains the same, whether they be in tbo freo 
state or in combination. 


Calctdaiion of the Indices of Iiefraction of Bodies corresponding to the Formula 

C"I1 W ()* 

from the Indices of their Constituent Elements. 


Grailich, Waifs, Hoek, Schrauff, and others, have given formulae 
which enable us to calculate the index of refraction of a mixture 
of liquids, when the centesimal composition in volume and the density 
of this mixture are known, along with the index of refraction of each 
of the liquids of which the mixture is composed. Biot and Arago have 
also given the following formula for calculating the index of refraction 
of mixed gases : 


N* — 1 


n a — 1 


n *i — 1 


n\-\ 
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in which N is the index of refraction of the mixture, D its density, P 
its molecular weight, that is to say, the mean of the molecular weights 
of its components; and n dp the corresponding values of each of these 
components. 

When applied to liquids, this formula becomes : 



n-1 

d 


2>4 




Pn- 


Landolt has calculated the indices of refraction of several mixtures 


according to the equation : N = 


71 — 1 




w,-l 

*1 


Pi 


P+Pi 


. N has been taken 


relatively to the line a of the hydrogen spectrum. The results have 
always closely approximated to those furnished by experiment, as will 
bo seen from the following table : 


Naves of Bodies. 

P 

Fouud. 

i d 

pa 

Calculated 

Ha 

S mctliy 1-alcohol 

1 methyl-alcohol 
Mixture . . . 


06 

88 

181 

0-7064 

0-81)53 

0-8038 

1*3279 j 
1-4057 i 
1*3640 j 

1 -3644 

2 ctlivl-aleohol . 


02 

0*8011 

1 3605 j 


1 umyl-nlcohol . 


88 

0-8185 

1*4057 i 


Mixture . . . 


ISO 

0-8065 

1-3822 j 

1-3821 

1 ethyl-alcohol . 


46 

j 0-8011 

1*3605 ; 


2 umyl-alcohol . 

• m 

176 

0-8185 i 

1-4057 ! 


Mixture . . . 


222 

i 0-8104 

1*3061 i 

! 

1*3060 

1 noetic acid . 


60 

1*0518 

1*3706 i 


1 butyric add 


88 

0-0610 

4*3053 * : 


Mixture . . . 


148 

0-0000 

1-3850 

1-3847 

1 ethyl-alcohol . 


46 

0-8011 

! 1 -3605 


1 formic ucid 


46 

1-2211 

! 1*3603 


Mixture . . . 


02 

0*0602 

i 1-3610 

1-3612 

1 benzoic nldehyd 


loo 

1-0471 

; 1-53)11 


1 formic ncid 


4(5 

1-2211 

1 1-3633 


Mixture . . . 


152 

1*0876 

j 1-4300 

1*4900 


These rules which are applicable to the calculation of the index of 
refraction of mixtures may also be applied to that of compounds, as 


M. Landolt demonstrates. The value of a liquid CMPO' entirely 

depends on the empirical formula, and not at all or very little on the 
rational formula. 
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The equation then becomes : 


N— 1 
D 


„ »— 1 . »i — 1 , n, -1 

P = _ rJ7m+ -j-- g ,»»,+ 


or 


r = gm +g l m 1 + g t m 9 


n-1 


etc., the product — by the atomic weight may be written : 
N-1 T3 n-1 nj — 1 

D 1 -R; d g ~ r; ~dT {f '~ r ' ’ ' ' ' 


etc. 

When the values of r, r„ r a , that is to say, the refraction-equiva- 
lents of the elements are known, we may thence deduce the value R of 
a compound containing m atoms of the first element, n\ x atoms of a 
second, and m 2 atoms of a third. Thus we have R — ; 

which is the same as to say that the refraction-equivalent of the 


mixture 


N-1 

L> 


V is equal to the sum of the refraction-equivalents of 


the constituent atoms ; and that it may bo calculated absolutely in the 
same manner as the molecular weight. 

The refraction-equivalents calculated with the index pa beivg 
known for C, II, and O, and being equal to 5 for ( \ 1 *3 for II, and 3 for 
O, the refraction-equivalents of the liquids Oil “O' may be easily cal- 
culated. Thus for alcohol C*H 6 0 wo have : the refract ion -equivalent of 
C 2 H fl O = 2(5*00) + 6(1 *30) -f- 1(3*00) = 20*80, from which X may be 


K 


deduced according to the equation X = 1 -f p— jy. 

This calculation is venr simple, and serves to determine with sufficient 
accuracy the index of refraction of many organic liquids, both mono- 
and poly-atomic ; but it is not applicable to bodies whose refractive 
power is veiy great. 


Optical Analyzi*. 

Landolt has found that by means of the specific refractive energy 

^ the centesimal composition of a liquid composed of two or even 
d 

three elements may be determined. 

w — 1 

He first remarked that the value — r remains constant when the 

a 

temperature augments or diminishes, n being diminished at the same 
time as d . 

He also established that the relation between the specific refractive 
energy of a mixture and that of its components maybe expressed bytlie 
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formula P = ^ p p', in which p and p* indicate the weight 

of the components expressed in parts of P the weight of the mixture ; 
N — 1 

if therefore the value — ^ — of a mixture be determined at any temper- 
ature, and if W and -—p— ' he known, it is easy, when the mixture 

only contains two liquids, to determine the proportion in hundredth 
parts, making P = 100. We have the three following equations : 


1st. 


lftOX-1 n-1. , w'-1 , 

D ~d~ P ^ ^-(100-jj) 


2nd. 


W0 ( ) 

P n — 1 ri — 1 

~r ~ d! 


3rd. p> = 100— p. 

In order to verify this method, Landolt made the following observa- 
tions. The indices of refraction having been determined at 20° in 
relation to the red line of the hydrogen spectrum — 

A first mixture was made containing : ordinary alcohol . . 51*1 

aniylic alcohol . . . 48 9 

and a second mixture which contained : ethylic alcohol . . . 20*7 

and amylic alcohol . 79*3 


ii — 1 

For amylic alcohol n = 1*4057, d = 0*8135 and — = 0*4987. 

?i — 1 

For ordinary alcohol n = 1*3600, d = 0*8011 and ~ — = 0*4501. 

In the first mixture N would equul 1*3822, D = 0*8065 and 

In the second mixture N would equal 1*3961, D = 0*8104 and 

, — = 0*4887. 

1) 

Thcso numbers give the quantity of amylic alcohol contained in the 
two mixtures, according to the equations * 

- 47*38 - 45*01 = 

P 0-4987 - 0-4501 

48-87 - 41-01 

0-4987 - 0-4501 


= 79-a 
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If these numbers wore subtracted from 100 to obtain the propor- 
tion of ethylic alcohol, we have, lastly : 


1 st mixture. 

^ - 

Calculated True 

composition. composition. 


2nd mixture. 

Calculated True 

composition. composition. 


Amyl-alcohol . . 48-8 48*9 79-4 79-3 

Ethyl-alcohol . . 51*2 51-1 20*6 20*7 


This analytical method is excellent whenever a mixture only con- 
tains two liquids, and may even be extended to cases where it con- • 
tains three ; but the indices of refraction must then be taken in rela • 
tion to several lines, when errors in observation are apt to occur, and 
the results of the analysis cannot be relied on. 

Though limited, the method of optical analysis just described may 
be of much service. Great care must bo taken wheji it is employed to 
determine the index of refraction and the density at the same temper- 
ature of one liquid. Put the indices of refraction and the densities 
of different liquids may bo taken at different temperatures, as the value 

- ~ remains constant. 

a 

Landolt has made a series of experiments to ascertain what is the 
influence exercised by errors of observation on the results of the 
analysis. lie determined n and d at three different times and at 
different temperatures for a mixture of chloroform and alcohol, and fur 
each of these liquids separately. lie thus obtained for the refraction- 
equivalents of these three liquids numbers which differed indeed, but 
were nearly the same. By combining these numbers herwas able to • 
form 27 equations. The quantity of alcohol found by the mean result 
of these 27 equations was 13 02, the real quantity being 13-11 ; the 
greatest deviation for alcohol was 0’2(>, and the greatest difference 
between the different analyses 0*32. 

This analytical method gives results which are the more certain the 

n | 

more the specific refractive energies of the two liquids mixed 

differ, and are usually so exact that the variations only affect the first 
decimal, and are not greater than those which attend the best analytical 
methods. 

Optical analysis has been applied to the study of the products of a 
fractional distillation. A mixture of 200 grammes of ordinary alcohol 
and 200 grammes of amylic alcohol was divided into 7 parts, passing 
over below 130° or 132°; the indices of refraction and the densities of 
the pure liquids were : 

n 

Of ethylic alcohol . . 1 *3020 

amylic alcohol . . 1-4076 


0-7975 0-4639 

0-8099 0-5033 
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The products of the distillation furnished the following results : the 
weights of the portions distilled are expressed in hundredth parts of 
the entire quantity : 


Portion . . • 

1 2 

3 

4 

5 

G 

7 


80°-90° , 90°-100° 


no°-i20° 

120°-130 l> 

130^-131° 

131°132° 

PM * 

| 28-5 | 22-5 

12 5 

7*0 

9*0 

5*5 

18 

1 m 

1*3080 1*3712 ! 1*3781 I 1*3871 

0*8003 0*8020 j 0*7995 0*8109 

0*4598 0*4628 ! 0*4729 ! 0*4774 

i • 

1*3983 

0*8000 

0*4942 

1*4054 

0*8091 

I 0 5011 

i 

1*4075 

0*8094 

0*5032 

Ethyl-alcohol . 
Amyl-alcohol . 

! i 

88*1 82*0 ! Cl *5 ! 52*4 

11*9 18*0 38*5 ! 47*6 



100*0 100*0 100*0 100*0 

i 

100*0 100*0 100*0 


This example shows what assistance may be rendered by optical 
analysis in the study of Fractional distillations ; it can also bo used to 
determine in what quantities two liquids are mixed. Thus on shaking 
water and ether together, and then separating the two layers, it will be 
found that the upper layer contains 95*1* parts of ether and 4*1 of 
•water, whilo the lower layer contains 8*2 of ether and 91*8 of water. 

Optical analysis may also be used in the study of diffusion ; might it 
not also be employed to studj T the solutions of solids in liquids? 


Dr. Gladstone’s works in relation to the refracting power U — ~ of rock 


salt, solid and in solution, permit us to hope that eventually this may 
bo the case. 


Optical Analysis of Compounds. 


The formula used to analyze mixtures is also applicable to com- 
pounds, and should give more correct results, since the specific refractive 
energies of their elements are known. As most of the organic com- 
pounds are ternary, it is necessary to determine ihe indices of refraction 
relatively to three lines : red a, green /?, and violot y of hydrogen. 
The following are the values of 0, H, and O : 


C 

H 

O 


na — 1 

n/3 — 1 

»y — 1 

~d~ 

~ir 

d 

. 0*42205 

0*43093 

0*43738 

. 0*30160 

1 31610 

1*31930 

. 0*17280 

0*17596 

0-17703 


3 f 
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By means of these and of the indices of refraction Na, N /?, and Ny 
of a body composed of hydrogen, carbon, and oxygen, whose density D 
is supposed to be known, the centesimal composition of the body may 
b 9 calculated. In order to understand the principle of this calculation, 

let us first place: 100 - = A ; 100 = B; 100 — ^ — = C : 

let us call the centesimal proportion of the carbon x , that ot the 
hydrogen y, and that of the oxygen z. AVe shall have : 

0*42205 x+ 1*30160 y + 0-17280 s = A 
0*43093 x + 1-311 610 y + 0*17596 s = B 
0*43738 x + 1*31930 y + 0 !7703 z = C 

from which equation we may ascertain llic three unknown values. 

The following examples show how far this analytical method is 
correct : 

Ethyl-alcohol C*WO.—d = 0*8011, nas 1*36054, n/?= 1*36665 and ny 
= 1*36997; from which: A = 45*005; B = 45*768; C = 46*183: deduc- 
ing the centesimal composition of alcohol from these numbers they 
give as the 



Composition 

found. 

The true com- 
position being 

c . . 

. 51*9 

52*2 

H . . 

. 12*9 

13*0 

O . . 

. 36*2 

34*8 


1010 

100*0 


Amyl-alcohol .— <2 = 0*8135 ; na= 1*40573; n/3= 1*41278; *ny = 1*41689 : 
thence, A = 49*874; B= 50*741 ; C = 51*246: from which for the cen* 
tesimal composition we get — 



Composition 

The true com- 


found. 

position being 

0 . . 

. 68-0 

68*2 

H . . 

. 13*3 

13 6 

O . . 

. 21-9 

18-2 


103*2 

100*0 


As will be seen, the figures referring to carbon and hydrogen are 
sufficiently exact. The difference is only great in the case of oxygen, 
and this is because the specific refractive energy of this element is 
not well known. 

The formula + • • • can only bo used for 

bodies of slight refractive power. 

If only binary compounds were to be analyzed, this might be done 
by knowing the index of refraction relatively to a single ray for ihe 
compound and for each of its elements : in the case of water H*0, the 
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specific refractive energy of oxygen — n ot being woll known, only 

approximate results can be obtained : the following is tlio equation 
which gives these results : 


l*30160aj + 0 , 17280(100— as) = 33*111 

in Which x is the quantity of hydrogen. This gives a? =14 per 100 
instead of 11*11, which is its correct value. 

Figures more nearly approaching the truth are found with the 
liquid hydrocarbides. 

V 1 

, Thus, for amylene, we have : D = 0-6733 ; Na= 1*37061; and — — 
= 0*55044. Determining H by the equation : 


1*301 60*+0*42205(l 00 -x) = 55*044 

We find 

The true com- 
position bclug 

C . . . 85-4 85*7 

n . . . 14-6 14*3 


In applying optical analysis to compounds, the results are more 
correct tht\ better the specific refractive energies of their elements are 
known. These energies being as yet only approximately known, it 
is evident that this analj'tical method is at present only theoretical, 
lint besides the possibility of its eventually becoming applicable, its 
theoretical possibility shows relations of considerable importance 
between the specific refractive energies and the composition of bodies. 


HISTORY OF SYNTHESIS IN ORGANIC CHEMISTRY. 

In chemistry, analysis has long been distinguished from synthesis. 
By the former, a given body is separated into its elements; by 
synthesis, on the contrary, the elements being given, the body is recon- 
stituted. 

Previous to the last twenty-five years, organic chemistry only possessed 
the first of theso methods of investigation. Bodies were decomposed 
by degrees, by submitting them to the action of different agents, and 
starting from a complex compound, its elements were thus arrived 
at, passing through several more simple intermediate compounds. By 
moans of these new compounds or of the elements, the original body 
was never built up again. In other words, synthesis did not exist. 

During the last quarter of a century, organic chemistry has become 
possessed of this synthetical method so much wanted. In this chapter 
we intend to give an account of the different methods used for the 
realization of this important object. But first it will be well to define 
the meaning to be attached to the word synthesis. 


3 f 2 
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As we ha ve just said, synthesis is the opposite of analysis. By the 
latter, a compound is reduced to its elements, or at least transformed 
into other more simple compounds ; by synthesis, compound bodies are 
formed directly from their elements, or, at least, from compounds less 
complex than themselves. Briefly, in analysis, the molecular com- 
plication is diminished, in synthesis it is increased. 

However, if such an extensive acceptation were given to the word 
synthesis, an entire volume, instead of a chapter, would here be 
required ; we must therefore use the term in a more limited sense. 

In fact, if wo consider the different reactions which increase the 
molecular complication of bodies, we shall see that very different cases 
occur, as the following examples show. 

If alcohol be submitted to the action of sulphuric acid, ether is 
obtained ; now the formula of alcohol is C^O, and that of ether 
C 4 H 10 O. 

So if acetic acid acts on ethylamine, acetate of ethylamine, the empi- 
rical formula of which is C 4 H ll N0 2 , is obtained, while the formula of 
acetic acid is C 2 H 4 0 2 , and that of ethylamine CPH’N. 

In the production of acetate of ethylamine, as in that of ether, a 
compound is formed the molecule of which is more complicated than 
that of its generators; in other words, a synthesis is accomplished, if 
the wider acceptation mentioned above be attributed to this word. 

However, if the new bodies formed be submitted to active reagents, 
and the products which arise are examined, it is observed that these pro- 
ducts are tlio same as are produced when, not the compounds obtained 
synthetically, but their generators, are submitted to the same reactions. 

For instance, the action of acetic acid on alcohol gives acetate of 
ethyl and water, and it is still acetate of ethyl and water which ar<? 
formed when acetic acid is submitted to the action of ether : 


(C*JI«0) 

Alcohol. 

+ 

(C*H 4 O s ) = 

Acetic acid. 

(C 4 H p 0 2 ) 

Acetic ether. 

+ 

(H'O) 

Water. 

(C 4 H ,0 0) 

Ether. 

+ 

2(C*H 4 0*) = 

Acetic acid. 

2(0 4 TPO*) 

Acetic ether. 

+ 

(11*0) 

Water. 


Analogous facts are observed with the acetate of ethylamine. 

It appears therefore that in ether, as in acetate of ethylamine, the 
radicles which unite to foi-m a molecule more complicated than the 
original one, remain in a certain state of mutual independence, and 
again separate under the influence of suitable reagents. 

Let us now suppose that sodium and carbonic anhydride act simul- 
taneously on phenol, the sodic salt of salicylic acid would be obtained, 
and a synthesis would thus be realized, since, starting from phenol 
Cj 6 H«o, salicylic acid C 7 H fl 0 9 would be prepared. 

This synthesis is very different from the preceding, In fact, though 
in certain cases, under powerful influences, salicylic acid can split up 
into phenol and carbonic anhydride, in the greater number of reactions, 
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this acid would^give rise to products entirely different from those that 
could be prepared from carbonio anhydride or phenol : these deriva- 
tives would havo in reality about the same complication as salicylic 
acid itself. 

It will be seen that there is a great difference between the two 
kinds of syntheses just mentioned. Though, admitting that the 
reactions of the first class are to some extent synthetical, we consider 
that the name of synthesis should be reserved exclusively for the pro- 
duction of a substance more complicated than its generators, and 
capable of entering integrally into reactions, giving bodies whoso 
molecule is about as complicated as its own. In cases in which a body 
is obtained from its elements or from another body, itself prepared 
from the elements, we say it is obtained entirely by synthesis. 

Wo owe one of the earliest cases of organic synthesis to Wcehler. 
In 1828 this chemist discovered a process by which urea may bo 
prepared by means of its elements. Although urea has not the 
characters of the cyanatcs, it possesses the same composition as tho 
cyanate of ammonium. Wcehler has shown that when a solution of 
sulphate of ammonium is boiled with a solution of cyanate of potassium, 
and evaporated to dryness, the residue treated with alcohol yields 
urea, which may be obtained crystallized by the spontaneous evapora- 
tion of thb alcohol : it is evident that ammonic cyanate is first fumed 
in. this case, and is afterwards transformed into its isomer urea : 

* [ ( T| >] + (p^i - » [ (t T! *] + ("ft o’) 

I’utassic cyanXto. Sulphate ot“ Urea. Potasslc sulphate, 

uuimunium. 


Since then, about 1845, Kolbe made an experiment which abounded 
in synthetical results : by causing dry chlorine to act on sulphide of 
carbon, he succeeded in replacing tho sulphur of this compound by 
chlorine, and thus obtained the tetrachloride of carbon CC1 4 : 

CS 8 + 4C1 8 = CC1 4 + 2(SC1 2 ) 

Sulphide Chlorine. Tetrachloride Chloride of 

of carbon. of carbon. sulphur. 

In the course of tho same year, the same chemist succeeded in pre- 
paring trichloracetic acid by causing chlorine and water to act simul- 
taneously on ’the protochloride of carbon C 8 G1 4 . This reaction takes 
plaee in two stages ; in the first, the protochloride of carbon is con- 
verted into sesquichluride, and in the second, this latter body is trans- 
formed into hydrochloric and trichloracetic acids : 

(C’C1‘) + g} = (CW) 

Protochloride Chlorine. Scsquiclilorido 

of carbon. of carbon. 
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«*»•> + »®o> - r*s}o) + 

Sesquichloride Water. Trichloracetio add. Hydrochloric 

of carbon. add. 

As, moreover, the tetrachloride CC1 4 gives protochloride C 2 C1 4 , when 
its vapours are passed through a red hot tube : 

2(CC1 4 ) = Cl 4 + (C 2 C1 4 ) 

Tetrachloride Chlorine. Protochloride 

of curbon. of carbon. 

the complete synthesis of trichloracetic acid is accomplished. 

In 1845, also, M. Melsens discovered that nascent hydrogen, disen- 
gaged by means of sodium, possesses the property of being substituted 
for the chlorine of chlorinated organic substances, and by this reaction, 
to which he gave the name of inverse substitution, ho succeeded in 
converting trichloracetic into acetic acid : 

r» + - "(§}) + rsjo) 

Trichloracetic add. Hydrogen. Hydrochloric Acetic ucid. 

acid. 

About the same time, Kolbe, by causing sulphide of carbonjto act, not 
on dry but on moist chlorine, obtained a body since called trichloro- 
mcthyl-sulphnrous chloride, whose formula is (CCTSO*). This bo3y, 
when submitted to the action of potash, exchanges an atom of chlorine 
for hydroxyl (OH), and furnishes trichloro-inethyl-sulphurous acid 
(CCl s IISO a ), which, when decomposed by nascent hydrogen developed 
by means of galvanism, gives bichloro- methyl- sulphurous acid, 
(CCPffSO*), chloro-methyl-sulphurous acid (CC1H 3 S0 3 ), and methyl- 
sulphurous acid (CIFSO 3 ). 

At tfie end of 1845, chloride of carbon, acetic acid, and the scries 
of sulphuretted acids just mentioned, had been obtained by syn- 
thesis ; and, further, having acetic acid, marsh gas could be prepared 
by distilling acetate of sodium with soda-lime. However, this pre- 
paration was very indirect ; but in 1 840, Melsens accomplished the 
synthesis of marsh gas by submitting tetrachloride of carbon to inverse 


substitution : 




(OCT) + 

*o 

+ 

II 

(CH*) 

Tetrachloride 
of carbon. 

Hydrogen. 

Hydrochloric 

acid. 

Marsh gas. 


From 1846 to 1850, no progress was made in synthesis ; but in a 
series of experiments commenced in 1850 and terminated in 1851, 

CH 8 ) rj 2 jp j 

Frankland succeeded in preparing methyl (jjpj’ and ethyl by 

means of the corresponding alcohols. To effect this, he caused zinc to 
act on the hydriodic ethers of these alcohols. The reaction takes place 
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in two stages ;"in the first, iodide of zinc is formed, and a compound of 
this latter metal with ethyl or methyl; in the second, this organo- 
metallic compound reacts with a second molecule of the hydriodio 
ether employed, and gives rise to the corresponding hydrocarbide : 

1»t. 2( CH j}) + 2Zn" = ( Zn"I a ) + (Zn"jg^) 

iodide of Zinc. Iodide of zinc. ZinomcfhyL 

mcthyL 

2nd. (z»"{g£) + if?}) ■= (Z.”P) + 2 (™}) 

Zinc-methyl. Iodide of mcthyL Iodide of zinc. Methyl. 

At the time of this discovery it was not considered as a synthesis. 
Formulas less by half than those by which they are now represented 
were given to the hydrocarbides, and the radicles OH* and C*H 5 con- 
tained in the iodides of methyl and ethyl were believed to be isolated. 
It is true that Gerliardt almost immediately showed that it was neces- 
sary these formulae should be doubled ; but while doing this, he con- 
sidered theso bodies as analogous to hydrogen, and supposed that their 
molecules contained two atoms of the same radicle in a certain state of 
mutual independence. The result was that, by Gerhardt and the 
other clieiiiists of this period, the fact discovered by Frankland was 
considered analogous to the formation of compound ethers, and to 
which we refuse the name of synthesis, according to the limited 
meaning wo attribute to this word. The opinion which was held at 
the time of Frankland’s discovery was retained up to 1864, when 
Schorlemmer, by causing chlorine to act on free methyl, succeeded in 
substituting an atom of this metalloid for an atom of hydrogen : 

(C*H B ) + CT = (HC1) -f ((7H B C1) 

Methyl. Chlorine. Hydrochloric Chloride of 

acid. ethyl. 

and thus transforming methyl into chloride of ethyl, from which he 
prepared ordinary alcohol. 

Therefore, starting from methyl prepared by means of wood-spirit 
CH 4 0, alcohol C*H®0 is obtained by a true synthesis. 

There are still chemists who believe that methyl and free ethyl 
contain two independent groups, and that these two groups only unite 
in an intimate manner under the influence of chlorine. However this 
may be, as in every synthesis we must look to the commencement and 
the conclusion, Frankland’s reaction is synthetical. For if it were not 
so itself, it would enable a synthesis to be realized by causing chlorine 
to act on the product obtained. 

Frankland’s reaction is especially important on account of its general 
application. This chemist has in fact obtained, not only methyl and 
ethyl by means of the process just mentioned, but also the radicles 
of other alcohols, amyl for instance, and Schorlemmer has shown, on the 
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other hand, that all these radicles can give rise to tho &me phenomena 
as methyl. 

It will therefore be seen that if, starting from mothylio alcohol, we 
can go up to ethylic alcohol, from the latter ethyl C 4 H 10 , and conse- 
quently butylic alcohol C 4 H. ,0 O, may be prepared ; then, by means of 
this latter, butyl C 8 II' 8 , and octylic alcohol C 8 H l8 0, etc. 

By means of this reaction, we rise therefore in the homologous 
series, of which however it does not give us all tho terms; there would 
remain the intermediate alcohols C 3 H 8 0, OTTO, C°H ,4 0, and CTPO, 
which could not be obtained synthetically. Fortunately, in 1855, to 
complete Frankland’s discovery, M. Wurtz succeeded in preparing all 
the series of the analogous hydrocarbides, which renders the synthetical* 
process in question quite general. He called the intermediate hydro- 
carbides he obtained mixed radicles, and prepared them by causing 
sodium to act on a mixture of the iodido of one alcohol radicle with 

Oil 3 1 

that of another. Ho thus prepared methyl-ethyl ^ 2 j p > = CTF, inter- 
mediate between methyl C*H fi and ethyl Cl 1 10 : 


&} + ( C T!) + CT!) 

Sodium. Iodide of ethyl. Iodide of 

methyl. 


- C,?3 l 4- 2 f Na h 

' C-'H-f + 1 17 

K thy 1- methyl. Iodide of 

Hodifim. 


Having the chloride of methyl, the homologous liydrocarbides 
C*H 6 , C a H 8 .... C m 11 2h+ * may be prepared, and by means of these the 
corresponding alcohols C‘H c O, C 3 1P0 .... C’lI^O. The synthetical 
preparation of the chloride of methyl, therefore, renders all the syntheses 
in question complete. 

It has long been known that marsh gas exchanges an atom of hydro- 
gen for chlorine when it is submitted to the action of this metalloid : 
in these Conditions a compound (Cl PH) is formed identical or isomeric 
with the chloride of methyl, if it could be shown that those two 
bodies are identical, or at least that under the influence of powerful re- 
agents they give the same products of decomposition, it would be proved 
that the scries of syntheses just treated of are complete syntheses. 
M. Berthclot has furnished this proof: in 1855 ho succeeded in trans- 
forming monochlorinated marsh gas into acetate of methyl, by means 
of acetate of silver, and he then saponified the acetate thus produced : 
this is the method afterwards employed by Schorlemmer to transform 
methyl into alcohol : 


(CH-Cl) + ( CTI a >) 

Monocblorlnated Acetate of silver, 

marsh gas. 


~ Cl j + 

Chloride 
of Kilvcr. 


rtflPOi Q \ 
k CIPf U J 


Acetate of methyl. 


(°S}o) + (Sfo) - CS}0) + (Tfo) 

Acetate of methyl. Potasaic Potaasic acetate. Methylic alcohol, 

hydrate. 
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Wo must, h^re bear in mind that to each alcohol there corresponds 
an acid derived from it by the substitution of 0 for H*, and an aldebyd 
derived by the simple subtraction of H 2 . Considering that from an 
alcohol a series of bodies such as simple ethers, compound ethers, 
ethers proper, etc., may be obtained, we perceive that the process just 
described furnishes the means of accomplishing the synthesis of a great 
number of compounds belonging to the series of fatty acids. These are 
moreover far from being tho only ones that may be obtained, the 
method having recently been extended to the aromatic series. 

In the course of 1864 and 1865 MM. Fittig and Tollens obtained 
synthetically the homologucs already known of benzine, toluene C 3 !! 8 ,* 
xylene C 8 H 10 , etc . ; they moreover obtained new hydrocarbidcs of the 
same series, one of which is an isomer of xylene. The process of 
these chemists is the same as that by which Wurtz prepared mixed 
radicles, and consists in causing brominated benzine or toluene to act 
on the iodide of ethyl, methyl, or of amyl in presence of sodium. The 
sodium seizes tho iodine and bromine, and the two residues unite to 
form a new hydrocarbide : 


(C 6 IPBr) + (CIPBr) + Na* = 2(NaBr) + (C 7 H 8 ) 

Jin ’initiated Bromide or Sodium. Bromide of Toluene, 

benzine. methyl. sodium. 

• 

> MM. Fittig and Tollens have remarked that it is not a matter of 
indifference whether bromide of ethyl be made to act on monobromi- 
nated benzine or the bromide of methyl on monobrominated toluene ; 
in fact, in tho two cases two bodies are formed which are isomeric but 
not identical. 

The hydrocarbides homologous with benzine act the same part in the 
aromatic series as marsh gas and its homologues perform in tho fatty 
series, and the same methods by which these latter are transformed 
into corresponding alcohols enable true aromatic alcohols to be pre- 
pared from the former. 

The experiment lias been performed with toluene, which M. Canniz- 
zaro transformed into benzilic alcohol. To effect this, he submitted 
toluene to the action of chlorine, then boiled the monochlorinated 
toluene with an alcoholic solution of acetate of potassium, and finally 
saponified the acetate of benzoyl obtained in this latter reaction : 

1st. (OTP) + Cl 2 = (CTEPC1) + (HC1) 

Toluene. Chlorine. Monoclilorinatcd Hydrochloric 

toluene. acid. 


2nd. (C 7 II 7 C1) -|- (°®g}0) 

Monochlorinated Putaasic acetate, 

toluene. 

■*(°3S}o) + (5!») = 

Acetate of benzoyl. IN italic 

hydrate. 


k \ , /enrol P \ 

= cif + l CTF) °) 

Chloride of Acetate of benzoyL 

potassium. 

P2} 0 ) + fSM 

I'uta&sic acetate. Benzoic 

alcohol. 
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All these are complete real syntheses, they all start fiom benzine, 
and in 1858 Berthelot observed that this hydrocarbide is produced, 
along with naphthalin and several other substances, when a current of 
the vapour of alcohol is passed through a red-hot porcelain tube. 
Therefore, as alcohol can be obtained by pure synthesis, so also, we may 
consider, can benzine and its derivatives. 

In 1858 Berthelot succeeded in preparing synthetically marsh gas 
and some other more complicated carbides of hydrogen. His process 
is less elegant than those since discovered ; but, except in the case of 
marsh gas which had been already prepared by means of the chloride 
of carbon, it had the merit of novelty. Berthelot accomplished these 
syntheses by three different methods. 

1st. He heated flasks containing oxide of carbon and caustic potash 
for several days to 100°; the two bodies combined, forming potassic 
formiate, from which formic acid was extracted : 


00 + (*}o) - H?}0) 

Oxide of Potassic Potassic formiate. 

carbon. Lydrate. 

Formic acid in vapour, passed through a red-hot tube, givea rise to 
a very complicated reaction in which marsh gas and etliylenc are 
formed, which are thus prepared synthetically. 

By causing ethylene to act on sulphuric acid, tlio apparatus being 
well shaken, M. Berthelot succeeded in combining these two bodies 
directly, and thus produced sulphovinic acid. When this latter is 
distilled with water it furnishes alcohol : 


(C 8 H«) 

Ethylene. 



Sulphovinic acid. 



Sulphuric acid. Sulphovinic acid. 


+ (?}«>)- m + it}o) 

Water. Sulphuric acid. Alcohol. 


This alcohol, being identical with ordinary alcohol, may be trans- 
formed into acetic acid without difficulty. M. Berthelot observed 
that on passing through a red-hot tube, acetic acid is transformed into a 
great number of hydrocarbides, among which are found marsh gas CH 4 , 
ethylene C*H\ propylene C 3 H a , butylene C 4 H 8 , and amylene C 5 H 10 ; 
all therefore obtained by pure synthesis. 

2nd. When a mixture of sulphuretted hydrogen and sulphide of 
carbon in vapour is transmitted over red-hot copper, this latter seizes the 
sulphur, while the hydrogen and carbon meeting in the nascent state*, 
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enter into combination, and give rise to the formation of the hydro- 
carbides already obtained by the preceding process. 

3rd. M. Berthelot has also succeeded in causing the hydrocarbides 
of the series of ethylene to pass into those of the series of marsh-gas. 
To effect this, he combines ethylene or its homologues with bromine, 
which is easily done, and he then heats the bromide to 200° in a 
scaled tube, with water and potassio iodide. Under these conditions 
the bromide is decomposed, and while one part of the original hydro- 
carbidois re-formed, another combines with two atoms of hydrogen 
arising from a more complete decomposition of a third portion of the 
mass, and furnishes the hydrocarbides sought for : 

(C a H 4 ") + IP = (C 2 H e ) 

Ethylene. Hydrogen. Hydride 

of ethyl. 

(C 5 ir°") + ip = (c 8 h , s ) 

Amylenc. Hydrogen. Hydride 

or amyl. 

4 tli. Lastly, M. Berthelot has observed that, under the influence of a 
powerful electric current, pure carbon combines witli hydrogen and 
furnishes acetylene C*H*, which gas gives, with ammoniacal proto- 
chloride *if copper, a precipitate from which it may afterwards he 
•isolated in a pure state by means of hydrochloric acid. If, instead of 
hydrochloric acid, nascent hydrogen disengaged by the action of zinc 
on ammonia at 4U"* bo caused to act on the precipitate, the acctjdene 
unites with two atoms of hydrogen, and ethylene is thus obtained, 
which in fts turn, as wc have just said, can be transformed into hydride 
of ethyl : 

(C*II 2 ) + II 2 = (C 2 H 4 ) 

Acetylene. Hydrogen. Ethylene. 

M. Berthelot, having obtained methylic alcohol by means of marsh 
gas, and having prepared the homologues of ethylene as far as amylene, 
had therefore realized the synthesis of the corresponding alcohols. 
But as ethylene and its homologues cannot he transformed into satu- 
rated hydrocarbides without a great loss of the product, M. Berthelot 
wished to transform these hydrocarbides directly into alcohols without 
passing through the corresponding saturated terms. He succeeded 
perfectly with ethylene and propylene, employing sulphuric acid as 
before mentioned ; but this process was not so successful in the cases 
of butylene and amylenc. M. Berthelot therefore operated in a differ- 
ent manner ; he heated the hydrocarbide he wished to transform into 
alcohol with concentrated hydrobromic or hydrochloric acid, whereby 
a liydrobromio ether was formed, from which the corresponding 
alcohol could be readily obtained by submitting this ether to the action 
of acetate of silver, and saponifying by potash the acetio ether resulting 
from this latter reaction : 
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let. (CFH 4 ") 

+ H i} 

= (C*H»I) 

Ethylene. 

Hydriodic 

acid. 

Iodide of 
ethyl. 

2nd. (C*H 5 I) 

+ ( 

"Ho) - 

*?} + 

Iodide of 
ethyl 

Acetate of silver. 

Iodide of Acetate of cthyL 

silver. 

„ , /OTPOl ( 

iJrd. ( ( 

>) + 

(S}°) ■ 

(CH-Ofo) + (*5}0) 


Acetate of etbyl. Potash. Potosslc acetate. Alcohol. 


After having verified, in the case of ethylene, the identity of the 
alcohol obtained by this process with that obtained by fermentation, 
and having also proved that butylene and amylene unite with hy- 
driodic acid, just as ethylene and propylene do, M. Berthclot, from 
analogy, thought that butylic and amylic alcohols prepared by his 
method would be identical with those of fermentation, but he did not 
verify this. M. Wurtz, however, in 18G2 showed that amylic alcohol 
prepared by Berthelot’s method is simply an isomer of ordinary amylic 
alcohol, for which reason Wurtz calls the first of these bodies amylic 
pseudo-alcohol. 

So far, in all the syntheses mentioned, the starting-point has always 
been the formation of hydrocarbides, by means of which alcohols, 
aldehyds, acids, ethers, compound ammonias, etc., are then obtained. 

But we can, nevertheless, ascend a homologous series in an inverse 
manner. For instance, we can pass from a term of one series to the 
acid of a higher series. Then, by means of this acid, wo can prepare 
the homologue of the body from which we started, and then take this 
new body as starting-point in order to obtain a third series, homolo- 
gous with the two others, and so on. 

The compounds with which we usually commence are the alcohols. 
Taking methylic alcohol, for instance, acetic acid, the acid of the ‘next 
higher series, must bo prepared ; we then pass from acetic acid to 
ethylic alcohol, the homologue of methylic alcohol ; and in the third 
place from cthylic alcohol, by means of propionic acid, to propylio 
alcohol, and so on. 

The experiments of M. Felouze had long shown that, under the 
influence of hydrating agents, hydrocyanic acid absorbs two molecules 
of water, and is converted into formiate of ammonium, or, rather, into 
the products of the decomposition of this salt by the reagents employed. 
Thus, when potash is used, potassic formiate and ammonia are formed : 

(CMH) + 2(=}0) = (($|°|°) 

Hydrocyanic Water. Ammonic formiate. 

add. 

Later, in 1847, MM. Dumas,, Malaguti, and Leblanc discovered that 
a reaction identical with the preceding is produced when the hydro** 
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cyanic ether* of the series (C"H*" +3 )CIN are substituted for hydrocyanic 
acid. These ethers, under the influence of alkalies, unite with the 
elements of water, and furnish ammonia, together with iho alkaline salt 
of an acid of the series OTPO*. Thus, commencing with the cyanide 
of methyl, acetic acid is obtained, and, with the cyanide of ethyl, pro- 
pionic acid is prepared : 


i* 

Cyanide of 
methyl. 


+ (h}°) + (h}°) 

Caustic potash. Water. 


+ 



Ammonia. 



Cyanide of ethyl. 


( 5 }°) + (!}<*) 

Caustic Water 

INitash. 



1’otassic 

acetate. 



Potussic 

propionate. 



Ammonia. 


In order to complete the process, it was only necessary to cause the 
acids to pass into the corresponding alcohols, and this has been done 
by first transforming the acids into corresponding aldchyds by sub- 
tracting an atom of oxygen, and then fixing two atoms of hydrogen on 
these aldehyde, thereby transforming them into alcohols. 

In 1856 riria and Limpriclit separately discovered an identical pro- 
cess for the transformation of monatomic acids into their correspond- 
ing aldehyde, which succeeds equally well in all the different 
series. 

In the course of tho same year Kolbo gave a different method of 
arriving at the same result, but as yet this has only been applied in 
the aromatic series. 

Limpriclit and Firia’s process consists in distilling an intimate 
mixture of the calcic salt of the acid whose aldehyd is to bo obtained 
with formiate of calcium. The carbon and oxygen of the formiate aro 
disengaged in the state of carbonic anhydride, which seizes the calcium 
contained in the formiate and in the other salt. At tho same time an 
atom of oxygen of this latter salt is also eliminated in the state of car- 
bonate of calcium, while the hydrogen set free by the decomposition of 
the formiate, unites with Ihe residue of the dooxygenizod salt and 
•transforms it into aldehyd : 
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fH ' 



rcH i * * * 5 i 


C^O 



o jo 


[ o r „ 

ro La 

► 

, 

+ 

(O 

(0 La 

► 

C^O 



c|o 


1h j 

1 


Off J 



Calcic fonnlate. Calcic acetate. 



Calcic carbonate. 



.Aldehyd. 


Kolbe’s process consists in causing nascent hydrogen to act on the 
cyanide of an acid radicle, which is itself prepared by heating the 
chloride of this radicle with cyanide of silver or of mercury : 



Chloride or Cyanide 0 r 

benzoyl. silver. 



Cyanide of Hydrogen, 

benzoyl. 



Chloride Cyanide of 

of silver. benzoyl. 


csd + rsi) 

Hydrocyanic Benzoic nldehyd. 

acid. , 


i 

Recently, M. Lippemann has rendered this method still more direct. 
He has prepared benzoic aldehyd by causing nascent hydrogen dis- 
engaged by means of sodium amalgam and a current of perfectly dry 
gaseous hydrochloric acid to act on the chloride of benzoyl. The 
hydrochloric acid must bo perfectly dry, as the chloride of benzoyl is 
decomposed by water. This reaction does not succeed either with 
chloride of acetyl or chloride of succinyl. 

We must add that M. Chiozza had long before obtained benzoic 

aldehyd by the action of the chloride of benzoj’l on tho hydride of 

copper, which process, however, yields such a small quantity of tho 
product that it was impossible to collect sufficient for the puiposc of 
analysis : 


Hia) + ~ 2 H°{§) + (° u ici) 


Chloride of benzoyl. 


Hydride of 
copper. 


Benzoic aldehyd. 


Cuprous 

chloride. 


In order to be able to ascend the homologous series, it yet remained 
to transform aldehyds into alcohols. This problem was solved in 1853 
by M. Cannizzaro, in the case of the aromatic series. This chemist 
showed that, in presence of an alcoholic solution of potash, the essential 
oil of bitter almonds (benzoic aldehyd) is transformed into potassio 
benzoate and benzoio alcohol : 
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2 (°ft) + ”}° ■ WW + ( c, fe) 

Benzoic aldchyd. Potash. Potassic benzoate. Benzoic alcohol. 

Later, in 1856, Kraut found that this reaction is also produced with 
cuminio aldehyd. But this process was not general: when treated 
with an alcoholic solution of potash, the fatty aldehyds become resinous 
without furnishing the least trace of the corresponding alcohol. 

In 1861, Fittig somewhat modified this method and rendered it 
applicable to the series of fatty acids. His modification consists in 
substituting hydrate of calcium for the alcoholic solution of potash, 
and he thus succeeded in transforming oenanthylic aldehyd into 
heptylic alcohol. In 1862, Friedel converted benzoic aldehyd into 
benzoic alcohol, and M. Wurtz converted ordinary aldehyd into vinic 
alcohol by means of nascent hydrogen developed by acidulated water 
and sodium amalgam. Friedel found that this process succeeds with 
acetones and gives secondary alcohols. 

Tho problem which consisted in ascending from a given term to a 
higher homologous term was thus solved in tho fatty series, but this 
was not the case in the aromatic series. 

M. Cannizzaro having succeeded in preparing an acid presenting the 
composition C 8 H 8 0 2 by causing an alcoholic solution of potash to act 
On cyanide of benzoyl, perceived that this acid is not identical, but 
simply isomeric with Noad’s toluic acid obtained by the oxidation of 
cymcne : ho moreover found that of these two acids it is that of Noad 
which is the true homologue of benzoic acid. In reality, Ihis acid 
furnishes an aldehyd and an alcohol which are analogous in all points 
to benzoic aldehyd and alcohol, while the acid obtained by means of 
the cyanide furnishes an aldehyd which has a great tendency to 
become resinous, and which is never transformed into an alcohol. 

In the fatty series, there are soveral other methods by which, start- 
ing from one series, the acid of the higher series can be obtained. 
One of the most important of these methods is that discovered by 
AVanklyn in 1858. It consists in preparing a combination of sodium 
with an alcohol radicle, and causing carbonic anhydride to act on this 
compound : direct addition takes place, and a sodic salt is formed, from 
which tho acid may then easily be procured : 


C J H*I\ 

. NafJ 

+ 

'^cT 

cc 

n 

/ fC*H\ 

V loNa) 

Sodium- 

ethyl. 


Carbonic 

anhydride. 

Sodic propionate. 

'OH'lN 

< KafJ 

+ 

II 

OO 

(<€) 

Sodium- 

methyl. 


Carbonic 

anhydride. 

•Sodic acetate. 
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This method appears to be pretty general, especially since Frankland 
has shown that the sodic compounds of the radicles of all the fatty 
alcohols may be obtained by submitting to the action of sodium the 
compounds of these radicles with mercury, which compounds are 
easily obtained. Frankland’s process may perhaps become useful in 
the aromatic series, in which at present no one has succeeded in com- 
bining the alcohol radicles with sodium. 

The synthetic method discovered by Wanfclyn has not been tried 
in the aromatic series ; but M. Harnitz-Harnitzky discovered one in 
1864, in operating on this series ; and in 1865 this chemist showed 
that it also extends to the synthesis of fatty aoids, and is generally 
applicable. 

M. Hamitz-Hamitzsky’s method is founded on the action exercised 
by the oxychloride of carbon on marsh gas and its homologues, and on 
benzine and its homologues. In this case double decomposition takes 
place in which a molecule of hydrochloric acid is produced, while the 
two residues unite, forming an acid chloride. This chloride, when 
treated by water, exchanges its chlorine for hydroxyl, and is trans- 


formed into the acid 

sought for : 



1st. 

(C*H*) + 

( c {ci 2 ) 

II 

+ 

( c ‘W 


Benzine. 

Oxychloride 
of carbon. 

Hydrochloric 

acid. 

Chloride of benzoyl. 

2nd. 

H“i&) 

+ 

- 5} + 

HW 


Chloride of benzoyl. 

Water. 

Hydrochloric 

acid. 

Benzoic acid. 


M. Harnitz-Harnitzky having onl^ 7 accomplished in the aromatic 
series the synthesis of benzoic acid, which acid cannot have any isomer, 
it is not known whether, in the higher series, it would give the true 
homologues of benzoic acid, or acids identical with those derived from 
the aromatic hydrocyanic ethers. It is very probable that the latter 
would be the case. 

We did not therefore possess any method by which wo could ascend 
directly from benzoic acid to its true homologues, when M. K£kuld 
published one in 1866. 

His method consists in causing sodium and carbonic anhydride to 
act simultaneously with the aid of heat on the monobrominated deri- 
vatives, made in the cold, of benzine and its homologues : 

("{L) + CC °^ + £} = B?( + 

Toluene. Carbonic Sodium. Bromide 

inhydride. of sodium. 


c* 


c{™“ 


H 1 
CII* 

Nood's tolulc add. 
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111© results obtained by M. K6kul6 will be readily understood if it be 
borne in mind that in the monobrominated derivatives of the aromatic 
hydrocarbides made in the cold, tho bromine is substituted for the 
hydrogen of tho principal chain ; a natural consequence of this is that 
the group CO*II is also substituted for the hydrogen of the principal 
chain (and this characterizes the tnie homologues of benzoic acid), 
instead of being substituted for tho hydrogen of a lateral chain, as is 
the case with tho acids obtained by means of the cyanides. 

In the course of 18G5, Messrs. Frankland and Duppa discovered a 
very elegant reaction by which acetic acid can be transformed directly 
into its higher homologues. For this purpose, they cause sodium to act 
on acetate of ethyl : the sodium is substituted for one or for two atoms 
of hydrogen of the radicle acetyl, and on causing iodide of methyl 
or of ethyl to act on tho mono- or di-sodic product thus prepared, sodic 
iodide, and tho cthylic others of the different acids homologues of 
acetic acid, arc obtained : 



Nu I _ H | , 

+ Nit f “ II f + 



Sodium. 


Hydrogen. 


,00*H* i 

Sodacetic ether. 


Na 1 _ II ( , 

+ Na f “ H| + 


1 

( H 

C<Na 

c « 

(Na 

i 

0 

( 

,oc*n f ' 


Acetate of ethyl. 

' m 


Sodium. 


Hydrogen. 


Disodacctic ether. 


c 


cm 

(.Na 

0 

tociiv 

Sodocetic ether. 


+ rsi) ■ K fi + 



Iodide of ethyl. 


Iodide of 
sodium. 


OC 2 H 5 


Butyrate (othacetate) 
of ethyl. 


L < 

m 

\ i 

° 1 

,OC s H\f 


= 2 


'Na 


Diaodacetlc etlier. 


+ k ch ;d ■ 

Iodide of methyl. Sodic iodide. 



1 l 

|c (cil s \ 

}) + ( 

C ■i 

[CW 

II 

I 5 

G 

GO 


Butyrate (dimeth- 
aeotatej of ethyl. 


i 

|0|Na\ 

0 

i 

loH 

1 

' OC*H 5 / 

Diaodacetlc ether. 


o /C‘H“ 


+ 2 V I 0 

lotllde of ethyl. 


= 2 


( K f!) + 




f H V 

/ 

t c 

C*H 5 1 



(C a H e 

1 j 

0 



,OC‘H 8 / 


Iodide of 
sodium. 


Caproate (dieth- 
acetate) of ethyl. 

U O 
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It will be seen that acids of the same centesimal composition are 
formed whether one atom of ethyl be substituted for one of hydrogen, 
or two of methyl for two of hydrogen, in acetic ether. It is very 
probable that these acids are only isomers, and this is an interesting 
question which Dr. Frankland proposes to decide, hoping also to be 
able to generalise his process by employing it in the aromatic series. 

So far wo have seen in what manner the synthesis of monatomic 
h}-drocarbide8, alcohols, aldehyds, and acids is accomplished, but we 
have not yet spoken of the synthesis of polyatomic compounds. 

We may imagine two synthetic methods for these, one of which 
would consist in preparing the polyatomic compounds of a series by 
means of the monatomic compounds of the same series ; the second, on* 
the contrary, would consist in preparing the polyatomic compounds of 
a series by means of the polyatomic compounds of a lower series. 
Processes exist corresponding to each of these methods. But if we 
wish to ascend a homologous series from one end to the other, it is 
always necessary to use the monatomic compounds. Without this, in 
the series of the fatty acids at least, the synthesis is interrupted, as it is 
not yet known how to pass from a polyatomic acid of this series to the 
corresponding alcohol. 

Biatomic alcohols have only as yet been prepared in the fatty series : 
two synthetic processes may be used to obtain them. 

The most important of these was discovered by Wurtz in 1850, and 
consists in combining ethylene or one of its homologues with bromine 
or iodine, and then causing acetate of silver or of potassium to act 
on the bromide or iodide thus obtained : two atoms of oxacetyl are then 
substituted for two atoms of the halogen metalloid, and adincetic ether 
is thereby formed, which, when saponified by a base, furnishes the 
biatomic alcohol sought for : 


1st. 


+ £} - (°Ff) 

Ethylene. Bromine. Bromide of 

ethylene. 


^(T'D + *( C ’ H ’k} °) - ((cSr?! 0 ’) + 2 (lr() 


Bromide of Potassic acetate. Diocutic glycol. Bromid** of 

ethylene. potassium. 


+ ■ (T>) + < OT >) 

Diacetic glycol. Potash. Glycol. Potassic acetate. 

The second process of preparing glycols synthetically is owing to 
M. Carius, and dates from 1863. It is based on the fact that ethylene 
and its homologues unite directly with bypocblorous acid, giving a 
chlorhydrin of the glycol which corresponds to them. This monochlor- 
hydrin, when submitted successively to the actions of acetate of silver 
and of alkalies, gives the glycol sought for : 
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(C®H ,0 "> 

Amylcne. 


+ 


(h}°) - Hf) 


Hypochlorous 
acid. 


Atnylcnic 

cblorhydrin. 


The synthesis of the glycols is therefore bound up with that of 
etKylene and its homologues, and though, as an exceptional case, 
M. Cavontou has succeeded in preparing ordinary glycol by substituting 
bromide ..of brominated ethyl for the bromide of ethylene, generally 
speaking, we may affirm that, where the hydrocarbides are unknown, 
so are the glycols. Now as these hydrocarbides which arc obtained so 
• easily in the fatty series by submitting monatomic alcohols to dehy- 
drating actions have never been prepared in the aromatic series, neither 
have the glycols of this series been obtained. 

Triatomic alcohols have not as yet been obtained synthetically, with 
the exception of amyl-glycerine which was discovered by M. Bauer in 
1 801 . In order to prepare it, this chemist heated bromide of brominated 
amylene with two molecules of acetate of silver, and then saponified 
the product of the reaction by means of caustic potash ; the body which 
results from this is monobrominated amvl-glycol. This body, heated 
with an excess of potash, exchanges its bromine for hydroxyl and is 
converted into amyl-glycerine : 



Mnnohroniinatwl Potash. Iiromidc Amyl-glycerine, 

(imyl-glycnl. «»r potassium. 


The synthesis of only one alcohol of an atomicity greater than three 
has been accomplished. This is the tetratomic alcohol corresponding 
to the formula (CUV 4 ). It was discovered in 18(15 by Can* us, who 
called it propyl-phycilc, and in order to prepare it he caused hypochlo- 
rous acid to act on glyceric epichlorhydrin ; these two bodies combine, 
giving a dichlorbydrin of propyl-phycitc : ho then prepared the alcohol 
by means of this dichlorbydrin by the same process as that used to 
obtain the glycols by means of their dibromhydrins ; the following 


equation explains 

this synthesis : 




/ ,OII 

(CTPCIO) 

+ (ciiio) 


* 


\ In , 

Glyceric 

Hypochlorous 

Pichlorh.vdric 

epichlorhydrin. 

acid. 

propyl-phycitc. 


The synthosis of polyatomic acids is more advanced than that of alco- 
hols of the same atomicity. Wo will first speak of biatomic acids. 

These acids are divided into two classes ; one comprising those which 
contain an alcoholic residue of water and an acid residue of water, and 
into whose molecule there enter three atoms of oxygen ; the second 

3 o 2 
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oomprising those which contain four atoms of oxygen, and two atoms 
of hydroxyl, both acid, that is to say, united to carbonyl CO. Glycolic 
acid (C*H 4 0 8 ) and lactic acid (C 8 H 6 0 8 ) may be taken as examples of 
the first class ; and oxalic acid (C 2 H 2 0 4 ) and succinic acid (C 4 II®0 4 ) 
as those of the second. 

Acids of the first class, that is to say, biatomic and monobasic acids, 
may be prepared : 1st, by means of the corresponding glycols ; 2nd, by 
means of the monatomic acids from which they only differ by an atom 
of oxygen ; 3rd, by employing the glycols which contain CH* less than 
themselves ; 4th, by using hydrocarbides analogous to ethylene ; 
5th, by using aldehyds derived from monatomic alcohols; Gth, by 
means of oxalic acid ; 7th, in the aromatic series by means of moil-' 
atomic phenols. 

We owe the first of these processes to M. AVurtz, who in 1 850 dis- 
covered that, under the influence of platinum black, ordinary glycol 
gives glycolic acid, and propyl-glycol gives lactic acid : 



Glycol. Oxygen. Glycolic acid. 


However, with glycols which are richer in carbon titan propyl - 
glycol the oxidation does not take place so regularly : .part of the 
carbon and hydrogen separate entirely from the group, and instead of 
the acid desired, a lower homologue of this acid is produced : 



Amyl-glycol. Oxygi-n. 



1 

Butyluctlc acid. 


-f 4(5!] o) + -( ro ‘) 

Water. Cnrlionic 

uiili\ dridi 1 . 


The second process, discovered by TIofmann and Ivekul6, consists in 
preparing the monobrominated derivatives of monatomic acids, and 
boiling them with water and oxide of silver: bromide of silver is 
produced, and an acid which contains an atom more oxygen than that 
used for its preparation : 



Bromobiityrlc Oxide of silver. Water. Bromide of Oxy butyric 

ncld. silver. acid. 


In the aromatic series, monatomic acids may bo transformed into bi- 
atomic monobasic acids, by pieparing the mononitrous derivatives of 
the first of these acids, reducing these derivatives by nascent hydrogen, 
and submitting the amide thus formed to the action of nitrous acid :• 
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Benzoic add. Nitric acid. Nitrobenzene acid. Water. 



Nitrobcnzoic acid. Hydrogen. Water. iienzaxnlc acid. 



IJenzumic acid. Nitrous acid. Nitrogen. Wuter. Osybenzoic add. 


Tho third process was first employed hy Wisliconns in 180. ‘3. It 
consists in preparing the monooyanhydrin of a glycol by means of the 
monoohlorhydrin of the same body and cyanide of silver, and then 
causing this monocyanliydriu to react when hot on potassic hydrate 
dissolve!! in alcohol ; tho reaction is the same as that in which the 
Cyanide of monatomic alcohol radicles are transformed into monatomic 
acids : 



MoiiocUlorliydrin Cyanide of Monoryanhydrin Potassic 

of glycol. of glycol. chloride. 


i OH \ . 

'■'If +(i k i! 0 ) + (u}°)-( 

(!1\ / 

roii 

ii* 

ispM 

|H* 

U{ok| 

>CN / ' 



Monocy.-mliydrin Potassic Water. Ammonia. Potassic lactate, 

ol glycol. hydrate. 


In tho fourth process, which wns discovered by M. Lippemann in 
1803, the direct combination which takes place when ethylene or its 
homologues react on the oxychloride of carbon is made use of. In this 
reaction there is formed the bichloride of the radicle of a biatomic and 
monobasic acid of the series higher than that of which the bydrocar- 
bido employed forms part. Wo know that, hy water, bichlorides are 
converted into hydrochloric acid and a monochlorinated monatomic 
acid, which, when aoted upon by potash, or by water and oxide of 
silver, furnishes the biatomio acid desired: 
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«) + (o{&) 

Ktliylene. Oxychloride 

of curbon. 



r cl \ 


H* \ 

C*- 

H* 1 


l°{ Cl/ 


Chloride oflactyi. 



rd 

\ 


i H * 

\ 


H* 

— 



i° / 
[Cl/ 

Chloride oflactyi. 


r ci 

\ 


1 H s 


C 2 < 

I H ! 

— 

l 

i c i 

1° / 
| OH / 


Chloropropionic aciil. 


+ (S}«) 

Water. 



I’otubli. 




f Cl 

H* 

H* 

-| 


l 1 


0 

Oil/ 


(Jliloropropionic acid. 



Hydrochloric 

acid. 


= KCl + 


Chloride 
(>r potassium. 


•OH 
H* 

CM H« 

( ,j° , 
C ' j OH/ 

laictic ucid. 


The fifth process, which has long been known, consists in leaving to 
itself a mixture of an aldcliyd corresponding to a monatomic acid, 
hydrocyanic acid and water, to which a little hydrochloric acid must 
he added to facilitate the reaction. In this ease, sometimes an amide 
is produced, which nitrous acid transforms into one of the acids in 
question, and sometimes this acid is directly formed : 


1st. 


Aldehyd. 


Hydrocyanic acid. 



Alanine 


Nitrous acid. 


+ c 


c f 

ii* 


(ill 

°) « | 

I H?" 

c / ip 

r 1° 



\ ( C, )NTI 

Water. 

Alanine. 

= 

Si + 

(31°) 

Nitrogen. 

Water. 

OH \ 



H* 



0 



oh/ 




l<actic acid. 
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2nd. 


Hcjo) + (°{h) + 2 (51°) 


Benzoic aldchyd. 


acid. 


anic 


Waiter. 


1 

'IV 

l 

I 

1 1 

H 

C fi < 

1 

1 1 

lOH 


Fonnobenzoate or ammonium. 

The sixth process was discovered by Frankland in 1863, and consists 
in the substitution of radicles of alcohols for part of the oxygen which 
is directly united to carbon in oxalic acid. To effect this, zinc-ethyl 
or zinc-methyl is made to act on diethyl ic oxalate; a zinco-othylic 
leucate is thus formed, which, when treated by water, gives leucate of 
ethyl and hydrate of zinc : 

oe*n\ 

7n"J 

/n ( C*H7 



IO 

OCTl 1 

Oxalate of ctliyl. 


+ *( ! 


- ( s 


Zn 1 


, )OOTP\ 

(OC 2 HV 


Zii cwtliyl. 

/ i OOTP ,, 

Ic 

0 1 

C 1 

i 

(OTP) 2 

0 vw l 

iO /n f 

C 

1 ( 0 *n 6 ) 2 

c 

o , 

1 

OOTP Jl 


Ethylate of zinc. 


Zinco-leucic ether. 


ic ) 

OC 2 II s 1 
0 

l 

C 1 

[(OTP) 2 



IO y „ 
0 Zn 

► 

c 

(OTP) 2 


\c 

0 

| 

\ 

OCH* J 

'/ 

Zinco-leucic* ether. 


+ 


(ill 0 ) - ( z -"P) 


Hydrate of zinc. 


+ 2 


[C ](C 2 IP) 2 \ 

Co 

\ 'OOTP I 

tancate of ethyl. 


The leucate of ethyl being then saponified by means of hydrate of 
barium, furnishes alcohol and leucic acid. 

Instead of preparing the zinc-methyl separately, it is more convenient 
' to cause zinc in powder, and iodide of methyl or of ethyl, to act simul- 
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taneously on oxalic ether. If, instead of using iodide of ethyl or of 
methyl, a mixture of these two ethers be employed, etho-methoxalic 
acid is obtained, that is to say, oxalic acid in which an atom of oxygen 
is replaced by an atom of methyl and one of ethyl. 

It is scarcely probable that tho acids thus prepared are identical 
with those obtained by other methods. 

The first four and the sixth processes have as yet been employed 
exclusively in the series of the fatty acids; the fifth is general. The 
seventh process can only bo applied to the aromatic series : Kolbe, in 
1860, was the first to employ it. It consists in causing carbonic anhy- 
dride and sodium to act simultaneously on a phenol : the sodium is 
substituted for tho hydrogen of the phenol, and the carbonic anhy- ' 
dride is fixed on the sodic plienate thus produced. A sodic salt is 
thereby formed, by means of which the desired acid is easily prepared : 

(C ,o n ,3 NaO) + (CO 8 ) = (C’MFXaO 3 ) 

Thymine of sodium. Carbonic Thymutato of sodium, 

anhydride. 


Tho acids obtained by this last method contain phonic hydroxyl 
instead of the alcoholic hydroxyl contained in those prepared by the 
other methods. 

The synthesis of biatomic and Libasic acids is much less advanced : 
it has been accomplished in the fatty series, aiul that onlr by three 
methods, the first of which was discovered by M. AVurlz, and con- 
sists in oxidizing glycol by nitric acid. This alcohol then exchanges 
II 4 for O*, and is converted into oxalic acid. rnfortunately, this 
degree of oxidation is always exceeded when, instead of ordinary 
glycol, another glycol is used. Instead of a honiologuc of oxalic acid, 
this acid itself is again obtained, along with the products of complete 
combustion, such as water and carbonic anhydride. This method 
therefore can be employed for tho synthesis of oxalic acid only. 

In tho second method, discovcd by Maxwell Simpson in 1860, tho 
dievanhydrin of a glycol is heated with caustic potash ; ammonia is 
disengaged, and tho dipotassic salt of the acid sought for is formed. 
The acid thus prepared belongs to a series higher by two terms than 
that of which the dicyanliydrin employed formed a part. 

The dicyanliydrins intended for these syntheses are prepared by 
heating tho dibrornhydrins with an alcoholic solution of potassic 
cyanide : 


((cuy {S’) 

Propylcnic 

dicyanliydrin. 


+ 2 (hH + 2 (n}°) 


Potash . 


Water. 


+ 


(C*H7' 


cp 


JO" 

{OK 

Potaabic pyrotartralf. 


c 



Ammonia. 
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The third* method, which will probably become general, is due to 
Kolbe and Mulher, who both discovered it at the same time. These 
chemists used it in 1803 to prepare malonic acid. To effect this, they 
heated chloracctic acid with cyanide of silver, whereby cyanacetic 
acid was formed, which, when boiled with potash, was converted into 
poiassic malonato and ammonia : 



Chloracctic acid. Cyanide Chloride. Cyanacetic add. 

of silver. of silver. 



Cyanacetic acid. Potassic hydrate. Ammonia. Potagslc nialonate. 


The triatomic acids which correspond to the glycerines are very 
little known ; one of them, glyceric acid, has been obtained by Debus, 
by oxidising glycerine with nitric acid : 



Glycerine. Oxygen. Glyceric acid. Water. 


A' triatomic and tribasic acid, carballylic acid, answering to the 
formula C“1I"0 U , has been prepared by Maxwell Simpson, by means of 
glyceric trieyanhydrin and alkalies : 

(c"iir|<|) + 8(n}°) + =>(3f °) - 

Glyceric trieyanhydrin. Potash. Water. Ammonia. 



Carballylute ol potassium. 


Besides this, triatomic and monobasic acids may be obtained by the 
action of ' moist oxido of silver on the bichlorinated or bibrominated 
derivatives of monatomic acids, at least it may bo so deduced from the 
experiments of MM. Friedol and Machuca, who have succeeded in pre- 
paring dioxybutyric acid by this means : 

(CHW) + Ag f O + IPO = 2(AgBr) + (CTEPO 4 ) 

Wbroino-butyric Oxide of Waiter. Bromide of Dioxybutyric 

acid. silver. silver. acid. 

Lastly, malic acid, which is triatomic and bibasic, was prepared in 
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1860 by Klkul6 on one hand, and by Perkin and Duppa on the oilier, 
by means of bromo-succinic acid and moist oxide of silver : 


/ 

rOH \ 

/ 

0" \ 

C*. 

H* \ 
II.Brl 

\ 

0" 1 

\ 

IOH / 


Bromo-succinic .Mold. 


+ + 

II 

hr* hH 

C-i *— 4 

*(£?}) 

Oxide of silver. 

Water. 

Bromide of 
silver. 


+ 2 



rOII \ 


O" 

i 

IP 

IT.OH 

0 

\ * 

LOII / 


Malic acid. 


It is known that there are very few acids in existence having an 
atomicity greater than three, and that the best known uf these are 
tartaric acid OIFO 6 , a homologuo of this latter hitherto unnamed 
C 5 H 8 0\ citric acid C fi II H 0 7 , and gallic acid C ; H“O s . With the exception 
of citric acid, all these have been obtained synthetically : t^rthrie acid 
and its homologue result from the action of oxide of silver on dibromc* 
succinic and dibromo-pyrotartaric acids, and gallic acid is produced 
when dibromo-salicylic acid is treated in the same manner : 



Dibromo-cuccinic 

acid. 



Oxide of silver. 



Water. 



Bromide of hi Ivor. 



rOH \ 
0" 

H* 


II.Br 

II.Br 

0" 


LOH / 


J dbromo-pyrot artaric 
ackl. 



Oxide of silver. 


+ (h|°) 

Water. 



Bromide of ailver. 


/ /OH \ 

' I 

0" \ 

i M i 

H.OH 1 

\ 

H.OII 

( 

O" | 

\ 

i 

OH ' 


Tartaric acid. 



rOH \ 

0" 


IP 

t*- 

II.OH 


H.OH 


(V' 

i 

LOII / 


An unnamed acid. 
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Dibromo-Mulicylic Oxide of tdlver. Water, 

acid. 



Bromide of silver. 



(itillfc acid. 


The synthesis of tartaric acid was accomplished in 1860 by K6kul6 
on one hand, and by MM. Perkin and Duppa on the other : that of the 
homologue of tartaric acid by Kekulc in 1 862, and that of gallic acid 
by MM. Kolbe and Lautemann in 1861. 

In relation with the series of fatty acids, thero is another series of 
which acrylic acid is the typo, and of which the general formula is 
C"! I 2 " -2 0 2 . Five of these acids are known, which as yet have not been 
obtained synthetically, viz., acrylic acid (°II‘0 2 , crotonic acid C 4 J1‘ } 0 2 , 
angelic acid (*IP0 2 , pyroterebic acid C*H l0 O 2 , and oleic acid 

Dr. Frankland, in a work published in July 1865, has made known 
three ne\t acids isomeric with crotonic, angelic, and pyroterebic 
acids ; moreover, the properties of these acids have enabled him to 
determine the relations existing between these new compounds and 
their natural isomers on one hand, and the fatty acids on the other. 
These relations have taught Dr. Frankland a new synthetic process, by 
means of which lie will probably achieve the synthesis of the natural 
acids of this series. 

We have already seen how this chemist succeeded in substituting 
alcohol radicles for part of tlio oxygen which, in oxalic acid, is directly 
united to carbon, and how lie thus obtained homologues of lactic acid : 
he has prepared dimethoxalic, e t home th oxalic, and diethoxalic acids 


in this mimner : 




lOII 

c]o" 

0 |0”~ 
'011 

Oxalic acid. 

roii 

(’ip 

Uoip 

0" 

Uvn 

Dimethoxalic acid. 

(OH 

CIP 

J, Je a ip 

( o» 

Urn 

Ktlio-mothoxalic acid. 

(OH 
\ G 2 IP 
G \ C S 1P 

L 1 0" 
lon 

Diethoxalic acid 


When submitted to the influence of terchlorido of phosphorus or 
of phosphoric anhydride, tho ethylic ethers of these three acids lose a 
molecule of water : this water is formed at the cost of one atom of 
hydroxyl contained in the acid employed, and of an atom of hydrogen 
taken from one of the alcohol radicles. 

Thus we have : 
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PiethoxaUte of ethyl. Water. Ethyl-crotonate 

of ethyl. 



Dimclhoxiilatc of Water. Methacrylate of 

ethyl. ethyl. 


These different ethers may easily he saponified by an alcoholic 
solution of potash, and thus give rise tu three acids whichrcrystallizo 
perfectly. * 

In the formation of these acids, it will bo seen that the hcxatomic 
group C* remains saturated. Although it loses Oil, the radicles ethyl 
or methyl, which were monatomic, losing II become biatomic, and the 
equilibrium of the molecule is again established. 

When one of these acids prepared by synthesis is heated with 
potash to 180 ° it splits up into two acids of the fatty series, disengaging 
hydrogen, in the same manner as the natural acids of which these acids 
are isomers. In this case ethvl-crotonic acid gives butyric and acetic 
acids; methyl-erotonic acid gives propionic and acetic acids; and 
metacrylic acid gives propionic and formic acids. 

These reactions arc easily explained on the supposition that the 
biatomic radicle contained in each of these acids is exchanged for II*, 
giving one fatty acid, while this radicle unites with O* and forms the 
second. If two molecules of caustic potash be taken, the two atoms of 
oxygen contained in these two molecules unite with the biatomic 
radicle in question, and the two atoms of hydrogen of the potash are 
substituted for this radicle. Wo have thus the two fatty acids, which 
in presence of the potassium remaining from the potash form potassic 
salts and disengage II s : 



Ethyl-crotonic acid. Potassic hydrate. Potassic butyrate. Potassic acetate. Hydrogen. 
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It is true tjial, in cases in which the radicles found in the form ula 
above and below the horizontal line contain different n um bers of 
atoms of carbon, it might bo admitted that the reaction results from 
the division of tho molcculo C* with which all these radicles are w.ifa>a 
Thus the products which should theoretically be obtained are the same 
according to both hypotheses : 


Finsr Hypothesis, 



Metliyl-crntonlc Potassic hydrate. Potassic propionate. Potassic acetate, 

acid. 



Hydrogen. 


Skcono Hypothesis. 



Methyl-crotonic achl. Potassic hydrate. Potassic acetate. Potassic propionate. 



Hydrogen. 


Fortunately, these two hypotheses conduct to different, conclusions in 
the case in which the two radicles placed abovo and below tho hori- 
zontal line contain an equal amount of carbon, which causes the question 
to be decided in favour of the first hypothesis. 

]f ethyl-croton ic acid divided in conformity with the second hypo- 
thesis, instead of butyric and acetic acids it would furnish two 
molecules of propionic acid according to tho subjoined reaction, which 
is not the case : 



Ktliyl'Crotunfc Hydrate of Propionate of Propionate of potassium, 

add. potassium. potassium. 



Hydrogen. 


• The mode according to which this reaction is accomplished boing 
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fixed, enabled Dr. Frankland to establish the rational formula of the 
natural acids isomeric with those he obtained synthetically, as already 
explained. This constitution once known, he perceived that there 
exists a very simple relation between the fatty acids and those of the 
aciylic series. These latter arising from the former by the substitution 
of a biatomic radicle for II a , if the acid in the molecule of which the 
substitution takes place be acetic acid, the body produced is one of the 
natural acids of the acrylic series ; if, on the contrary, it is a liomologue 
of acetic acid, the body derived is one of the artificial acids of this 
series. 

The substitution of a biatomic radicle for H* in the fatty acids has 
not yet been accomplished ; but Dr. Frankland hopes to succeed with 
acetic acid by causing the bromide of ethylene or its homologues to act 
on disodacetic ether : 


(8 


H 

Na* 
< 


O 

OC*H 5 


Dfcodacetute of ethyl. 


+ 



Bromide of 
ethylene. 


<£» + felr ) 

\ '00 2 H 5 / 

Bn-mide of Acrylate of ethyl, 

podium. 


The samo chemist also thinks that another series of acids should 
exist, derived in a similar manner from acetic acid or its homologues, 
having this difference however, that instead of containing a biatomic 
radicle substituted for H*, they would contain a triatomic radicle 
substituted for H 3 : 


C 

C 


SO" 

Ioit 


Aortic arid. 


c/se: 

oi<>" 

ion 

Foi mylnctic acid 
(hypothetical). 


He furthermore supposes that, by processes analogous fo those just 
described, a series of acids might he obtained which would hear the 
same relation to the aromatic acids that acrylic acid and its homo- 
logues bear to the fatty acids. 

One acid of this nature, cinnamic acid, is already known, but it is 
difficult at present to say whether it should be considered as toluene- 
acetic acid or as ethylene-benzoic acid : it may bo represented by either 
of the two following formulae : 


H 

C C 7 H°" 
C (F~ 
OH 


Toluone-ftcctic 

acid. 


c* 


H 3 

C*H 4 " 

r J°" 

0 {oh 


Ethylcne-benzoic 

odd. 


Cinnamic acid has been already obtained synthetically by two 
different processes ; the first of which was discovered by Bertagnini 
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in 1857, and .consists m heating a mixture of chloride of acetyl and 
essential oil of bitter almonds in a dosed vessel : 

(C*H*OCl) + (C 7 H"0) = (OTTO*) + HC1 

Chloride of acetyl. Benzoic Cinnamic acid. Hydrochloric 

aldehyd. acid. 

yhis reaction cannot be explained by our formulae of constitution. 
It is probably accompanied by a complete change of Btate of the mole- 
cule. 

The second process was also discovered in 1857 by M. ITamitz-Har- 
nitzky. This chemist having caused the benzoate of barium to act on 
the chloracetene he had prepared by treating aldehyd with the oxychlo- 
ride of carbon, obtained chloride of potassium and cinnamic acid. 

This reaction probably takes place in two stages : 



Second Stage. 



Cinnamate of potassium. Hydrochloric Chloride Cinnamic acid. 

acid. of potassium. 


These two syntheses are complete, as benzoic and acotic acids, and 
consequently their aldohyds have been prepared synthetically. 

We have thus completed the history of the different methods which 
are general, or appear likely to become so, for effecting the synthesis of 
organic compounds: we will now speak in order of date of certain 
syntheses which as yet are not general. 

In 1860 the acetones, which up to that time had only been prepared 
by the distillation of the calcic salts of monatomic acids, that is to say, 
by an analytical process, were prepared synthetically by Freund and 
Pebal, by causing zinc-ethyl or zinc-methyl to react on the chloride of 
acetyl or of any other acid radicle : 

(olp}Z n ") + 2(C*II 8 0C1) = (ZnCl*) -f 2(C 8 n«0) 

Zinc-methyl. Chloride of acetyl. Chloride of ssinc. Acetone. 
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Recently, in 1865, Priodel accomplished the same .synthesis by 
having recourse to the reaction of methylate of sodium on chlor- 
aoetene : 

(nT}°) + ( C2H ° C1 > = ( c>Heo ) + ( NTaC1 ) 

Methylate of Cliloracetene. Acetone. Chloride 

' sodium. of Budium. * 


Later still, in 1866, M. Wanklyn also prepared acetone synthetically : 
his process consists in causing oxide of carbon to act on sodium- 
methyl. Carbonyl CO" is substituted for the sodium, which becomes 
free : 

2(CH a Na) + CO = ((CO)"{^) + 

Sodium-methyl. Oxide of Acetone. Sodium, 

curlxm. 

In 1861, Boutlcrow obtained by synthesis a substance which 
appeared to him to be analogous to the sugars. This substance is pro- 
duced along with formic acid, when dioxy- methylene is heated with 
lime. M. Boutlerow thinks that its formula is C 7 H |4 0°, though its 
analysis does not support this view. However, according to this 
hypothesis, the reaction is easily explained. We have : 

4(C 8 JI 4 0 2 ) = (C 7 IP 4 O fl ) + (CH*0*) 

Dioxy-methylcnr. Formic acid. 


This new substance has received the name of methylenitanc, indicat- 
ing its origin and its analogy with mannitane. 

In the course of the same year, 1861, Kolbe obtained formic acid by 
transmitting a mixture of carbonic anhydride and sodium over heated 
potassium : 

/CO") 

+ (11*0) + K 2 = (OHKO 2 ) + I II l 

Carbonic Water. Potassium. Potasrfc Potable 

anhydride. formiatt.;. bicarbonate. 




During the same year also, MM. Lieben and Bauer succeeded in 
preparing several bodies whose molecules are moro complex than 
those of their generators. 

These chemists having caused chlorine to act on ether, substituted 
two atoms of chlorine for two atoms of hydrogen, and gave the com- 
pound they obtained the name of monochlorinated ether*. This latter, 
on reacting with zinc-ethyl, exchanges an atom of its chlorine for 


ethyl, and gives a compound having for formula 



* Mono- and not bi-chlorinated, because M. M&l&guti had applied the n&me bi- 
chlorinated to that ether in which four atoms of chlorine are substituted for four of 
hydrogen, the formula of ether not liaving as yet been doubled. 
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- >rnio) 

Monochlorinated ether. Zinc-ethyl. Chloride of zinc. Chlor^thyllc ether. 

Chloro-ethylic ether, heated in a sealed tube with a fresh quantity 
of zinc-ethyl, exchanges its atom of chlorine for ethyl, and furnishes 
diethylic ether : 

o) + (gsK) = •$s$s» o) 

Chlor-ethylic ether. Zinc-ethyl. Chloride of zinc. Dloxethyllc other. 

Later, in 1864, M. Lieben, continuing the study of monochlorinated 
“ether, succeeded in substituting oxethyl or oxymethyl for one or for two 
atoms of chlorine. (The dioxymethylic product has not yet been 
obtained) : 

(pS§}°) + C5i o) - m + c"^sa}o) 

Monochlorinated Methylate of Chloride of Chloroxymethylic ether, 

ether. sodium. sodium. 

$33} o) + 2 (°S» - *(£}) + $g$S8}o) 

Monochlorinated Ethylate of sodium. Chloride of Dioxethylic ether, 

ether. sodium. 

t Quite recently, Lieben has published in the German journals an 
epitome of an important work, wherein he proves that the preceding 
formulas should be modified, the chlorine, ethyl and methyl being sub- 
stituted, not for one atom of hydrogen in each molecule of ethyl, but for 
two atoms of hydrogen in the same molecule of ethyl. On submitting 
the chloro-ethylic compound to the action of concentrated hydriodio 
acid, Lieben obtained iodide of butyl, iodide of ethyl, and iodine. This 
reaction takes places in two stages : 


First Stage. 

r M S5}o) + »C5D - (jf}0) + 

Chlor-ethylic ether. Hydriodic add. Water. Chlorinated iodide of 

butyl. 

+ (C1FI) 

Iodide of ethyl. 


Second Stage. 


Chlorinated iodide of butyL 



Hydriodic 

add. 



Hydrochloric Iodine, 
add. 


Iodide of butyl 

3 H 
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Lisbon asks what is the constitution of the butyric §loohol corre- 
sponding to this iodide of butyl. In order to solve this problem he first 
seeks how many isomerio butylio alcohols can exist, and finds that there 
may be four, having the following rational formula: 


I. 


0 


CH* 

CH* 

CH* 

OH 


II. 



OH 


C 1 


III. 

fo|S 

h 1h 

H 

IOH 


IV. 



He fhen establishes that the formula* I. and III. cannot represent the 
constitution of the alcohol in question, because it necessarily contains 
in its molecule the ethyl which was introduced synthetically, and 
that these formulae correspond to bodieB which would not contain this 
radicle. 

There therefore remain the formulae II. and IV. 

The formula IV. is that of the butyric alcohol of fermentation ; 
M. Lichen’s alcohol being different from the latter, and appearing 
rather to resemble the butylic pseudo-alcohol of M. do Luynes. The 
2nd formula therefore is that which represents its constitution. 

In 1862, Wurtz accomplished the synthesis of amylene by pausing 
iodide of allyl to act on zinc-ethyl : 

( Zn "{cS«) + 2 CT}) - O 1 ') + 2 CC‘H”) 

Zinc-ethyl. Iodide of allyl. Iodide of Amylene. 

zinc. 

Later still, he showed that the same results are obtained on substi- 
tuting a mixture of sodium and iodide of ethyl for the zinc-ethyl. 

In the course of 1862 Linnemann succeeded in combining nascent 
hydrogen with glucose, which it converts into mannite : 



Glucose. Hydrogen. Mannite. 


In 1861, Lcevig, on causing nascent hydrogen to act on oxalate 
of ethyl, obtained a new acid, which he called desoxalic acid, a fer- 
mentable sugar being formed at the same time ; in 1862 he succeeded 
in decomposing desoxalic acid into carbonic anhydride and paratartaric 
acid, by heating it with dilute sulphuric acid, which appears to exercise 
simply a catalytic action : 

(C 5 H 6 0 8 ) = CO 1 + (Cm) 6 ) 

Desoxalic add. Carbonic Paratartark 

anhydride. add. 
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Towards the close of 1862, Mendius transformed the cyanides of 
alcohol radicles into amines of a series higher by one term than their 
own. To effect this, he fixed four molecules of hydrogen on the 
cyanides by placing them in presence of a mixture of zinc and sulphuric 
acid: 

©) + <S!) - (!]n) 

Cyanide of Hydrogen. Ethylamine. 

methyl. 


In 1863, Boutlerow obtained an isomer of butylic alcohol by causing 
“water to act on the product of the reaction of oxychloride of carbon with 
zinc-methyl. The same body is also formed when chloride of acetyl is 
substituted for oxychloride of carbon. It must therefore be admitted 
that, in the first uf these reactions, an atom of methyl is substituted for 
an atom of chlorine, thereby transforming tho oxychloride of carbon 
into chloride of acetyl, and that, afterwards, a second molecule of zinc- 
methyl entering into reaction, two atoms of methyl are substituted for 
an atom of oxygen. Tho result of this latter action is a chlorinated 
body which, on contact with water, exchanges its chlorine for hydroxyl 
and furnishes the isomer of butylic alcohol of which we speak : 


+ (ssm ■ 

Oxychlorido of Zinc-methyl, 

carbon. 

(°{a H *) + (cir} 2 "") 

Chloride of ocrtyL Zinc-methyl. 



Trimethylutcd Water, 

chloride of methyl. 


/PI 1 


/ fO" \ 

(ci} Z »" 

) 

+ 21 C 

OHM 

ni i 

Chloride of sine. 

Chloride of acetyl. 





= ZnO 

+ 

Ms? 




\ Ira 

1 

Oxide of 


Triinetliylated 

zinc. 


chloride of methyl. 



j |CH*v 


(Si) 

+ 

C CH» 
L |CH* 



\ lOH J 



Hydrochloric Trimetby kited methylic 

acid. alcohol (trimethyl- 

carblnol). 


In 1864, by causing sodium to act on monobromacetic acid, M. Baeyer 
produced an acid which is three times more complex than acetic 
acid, and gave it the name of aceconitic acid. In this reaction the 
sodium seizes the bromine and the three residues unite, losing an 
atom of hydrogen : 

6(CH'BxO») + 8(gjj) = «(£}) +2(CW) + || 

Bnmcttlc add* Sodlnxn. Sodic bromide. Aceconitic add. Hydrogen. 

3 h 2 
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However, M. Baeyer, instead of using bromaoetio aoid, finds it 
preferable to substitute for it the bromaoetate of ethyl ; he therefore 
obtains, instead of free aceconitio acid, triethylie aoeconitate, which 
furnishes the acid when saponified. 

In 1865, M. Schogen produced synthetically an isomer of tartaric 
acid, different from all the modifications of this acid previously known. 
To effect this result, he combined two molecules of hydrocyanic aciA 
with a molecule of glyoxal, and boiled the compound formed with; 
potash. Ammonia was disengaged, and there was produced an alkaline 
salt of the new acid, called by M. SchOgen glycotartaric acid : 


(CTO*) + 2(CNH) = 

Glyoxal. 


rro + 2 (!!°) + 

Glyootartrodiaxnkle. Hydrate of 

potassium. 



((o 4H g:>» 

Glyootartrodiamidc. 



Water. Ammonium. 


+ 

Potaaaic glyootortrate. 


Finally, during the past year M. Berthelot has obtained oxalic, 
malonio, and pyrotartaric acids by the oxidation of acetylene or ethylene 
and their homologues. (See pages 393-4). 

We have thus given a summary of the progress made in organic 
synthesis during the last twenty-five years. In this wV> have not 
mentioned the alkaloids, because their syntheses are among those 
which we excluded at the commencement. 

The synthetic results already obtained and those we have reason to 
anticipate show that all organic compounds may be prepared in the 
laboiatory by means of the elements, and consequently the last banders 
which appeared to exist between mineral and organic chemistry are 
removed. 
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Acetal, 668 

Acetate of silico-nonyl, 535 
Acetates, characters of, 506 
Acetic acid, 561 

synthesis of, 401, 538, 806 

Acetone, 682 

Acetones, constitution of, 684 

preparation of, 681 

synthetical, 831 

Acetyl, 40G 
Acetyl-urea, 716 
Acetylene, 303 

syirthesis of, 811 

Acid, acetic, 561 

— » glacial, 563 

synthesis of, 461, 538, 806, 

828 

aceconitic, 835 

aconillc, 617 

acrylic, 551 

allanturic, 741 

allituric, 741 

alloplianic, 696 

alloxanic, 738 

alpha-toluio, 656 

autimonic, 180 

arsenic, 176 

— — aspartic, 614 
atropic, 737 

— barbituric, 739 

benzamic, 821 

bcnzilic, 594 

benzoglycolic, 577 

benzoic, 571 

benzolactic, 597 

boracic, 130 

bromic, 166 

bromo-barbituric, 739 

— butyric, 506 
cacodylic, 524 

— caramelio, 477 

oarballylic, 617, 825 

chloric, 102 


Acid, chromic, 296 
cinnamic, 830 

— citric, 626 

cyameluric, 705 

cyanic, 696 

cyan uric, 698 

desoxalic, 834 

dextroracemic, 622 

dialuric, 738 

dibarbituric, 739 

dicyonic, 699 

dilituric, 739 

dioxybutyric, 825 

disulphuric, 118 

dithionic, 119 

ethyl-crotonic, 352 

eugenitic, 611 

fluosilicic, 134 

— — formic, 559 

synthesis of, 832 

gallic, 019-827 

glyceric, 825 

glycolic, 579-820 

glycotartaric, 836 

liippuric, 576 

hydriodio, 80, 462, 760 

hydrobrouiic, 86, 759 

hydrochloric, 83, 759 

hydrocyanic, 689 

hydrofluoric, 87 

hydzofiuosilicic, 134 

hydroselenic, 122 

hydrosulphuric, 111 

hydrotelluric, 123 

hydurilic, 738 

hypobromous, 105 

hypochloric, 101 

hypophosphorous, 168 

iodic, 106 

itaconio, 627 

— lactic, 595 

— - synthesis of, 820 

lrevoracemic, 622 
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Acid, leucio, 828 
leucoturio, 741 

— malic, 618, 826 
xnalonic, 894, 825 

— mannitic. 461 

— mesoxalic, 740 

met-antimonic, 180 

met-arsenic, 177 

metaphosphqric, 171 

metastannio,148 

methyl-parabanic, 753 

mucio, 461 

nitric, 159, 461, 766 

nitro-benzoic, 821 

— nitrons, 769 

action of, on monamines, 500 

Nordhausen sulphuric, 118 

oleic, 554 

oxalic, 393, 609, 824 

oxuluric, 740 

oxybutyric, 579 

pambanic, 740 

pamtartaric, 622, 834 

pcntath ionic, 121 

perbromic, 106 

perchloric, 103 

perchromic, 298 

periodic, 108 

phosphoric, 169 

phosphorous, 168 

pyroarseuic, 170 

pyrophosphoric, 169 

pyrotortaric, 625, 824 

pyruvic, 625 

quinic, 718 

racemic, 622 

saccharic, 461 

— sarco-lactic, 582 

selenic, 123 

selcnious, 123 

sclcnio-cyunic, 700 

— silicic, 135 

— stannic, 147 

succinic, 605 

sulphacctic, 564 

sulphocyanic, 699 

— sulphovinic, 429 

sulphuric, 116, 761 

Nordhausen, 118 

thionic series, 1 19 

tannic, 620 

— tartaric, 621, 826 

— tartronic, 626 

telluric, 123 

tetrathionic, 120 

— thiacetic, 564 


Acid, thionuric, 745 

toluic, G56 

trithionic, 120 

uric, 738, 749 

— valeric, 570 

violurio, 739 

Acids, 43 

aromatic, synthesis of, 824 

atomicity of, 50 

basicity of, 52 

— definition of, 44 

fatty synthesis of, 824 

organic, 537 

| biatomic, 578 

! monatomic, 537 

action of electrolysis on, 405 

pentatomic, 627 

triatomic, 61 1 

tctmtomic, 618 

hexatomic, 628 

polyatomic, synthesis of, 819 

thionic, series 119 

Aconitinu, 735 
Affinity, 5 
Air, analysis of, 190 
Albumen, 755 

Albuminoid substances, 754 
Aleohol, 428 

allylic, 452 

amylic, 433 

triinethylated, 436 

anisic, 447 

otliylic (or ordinary), 428 

isopropylic, 435 

methylic, 424 

synthesis of, 807 

silico-nonylic, 535 

Alcohol radicles, 406 

compounds of arsenic, etc., 

with, 523 

Alcoholometry, 431 
Alcohols, 407 

action of oxidants on, 461 

biatomic, or glycols, 438 

hexatomic, 460 

monatomic, 408 

pentatomic, 460 

polyglucosic, 475 

anhydrides of, 483 

pseudo, 496 

synthesis of, 807 

tetratowic, 458 

triatomic, or glycerines, 447 

Aldehyds, 661 

derived from glycols, 678 

; monatomic alcohols, 662 # 
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Aldehyde, formula and constitution of, 
670* 

passage of, into alcohols, 813 

properties of common, 663 

— special, 667 

purification of, by alkaline bisul- 
phites, 773 

— : — synthesis of, 813 
Algaroth, powder of, 178 
Alkalies, 196 

action of, on organic compounds, 

770 

Alkaloids, fixed, 723 

natural, 721 

volatile, 721 

Allantoin, 743 
Allotropy, 72 
Alloxan, 738 
Alloxanomide, 744 
Alloxantin, 738 
Alloys, 57, 201 
Allyl, 406 
Alum, 275 

chrome, 294 

Alumina, 274 
Aluminium, 272 

chloride and fluoride of, 273 

hydrate, allotropic modifications of, 

27I 

silicate of, 276 

and potassium, sulphate of, 275 

characters of the salts of, 276 

Aluminium ethyl, 529 

methyl, 529 

Amalgams, 57 
. miidcs, 501, 628 

containing alcohol radicles, 645 

derived from biatomic acids, 634 

monatomic acids, 628 

polyatomic acids, 647 

carbonic, 705 

chloroquinonic, 719 

cyanic, 700 

Amines derived from monatomic alco- 
hols, 500 

— biatomic alcohols, 511 

Ammonia, 152 
type, 40 

Ammonias, compound, 500 

action of hydrobromic ethers of 

glycols on/521 

nomenclature of, 515 

phosphuretted, arseniuretted, and 

antimoniuretted, 518 
Ammoniacal compounds, 227 
salt®, characteristics of, 280 


Ammonium, 154, 227 

carbonates of, 229 

chloride of, 228 

nitrate o£ 230 

— * sulphate of; 229 

sulphide of, 228 

Ammoniums, quaternary, 510 

hydrates of, 503, 509 

Ampere’s theory (molecular weights), 15 
Amyl, hydride of, 381 
Amyl-glycerine, synthesis of, 819 
Amyl-glycol, 445 
Amylaceous matter, 487 

substances, 484 

Amylamine, 382 

pseudo, 511 

Amylcne, 389, 834 
Amylic alcohol, 433 
Amylido of zinc, 528 
AmUysis, organic, 341 
eudiomotric, 356 

— optical, 798 

of atmospheric air, 190 

of gases, 345 

of liquids, 343, 346 

of solids, 342, 345 

proximate, 341 

ultimate, 346 

Anhydride, antimonic, 179 

arsenic, 176 

arsenious, 175 

boraoic, 130 

carbonic, 142 

chlorous, 101 

chromic, 295 

ferric, 288 

hypochlorous, 99 

iodic, 106 

nitric, 159 

— nitrous, 158 

— phosphoric, 169 

plumbic, 304 

selenic, 122 

selenious, 123 

silicic, 134 

stannic, 147 

sulphuric, 119 

sulphurous, 114 

Anhydrides, 317 

— - of polyglucosic alcohols, 483 
Anliydro salts, 52 
Aniline, 508 
Animal charcoal, 140 
Antimonic acid, 180 

anhydride, 179 

Antimoniuretted hydrogen, 178 
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Antimony, 177 

—bromide, chloride, and iodide o£ 178 

oxides of, 179 

sulphides of, 177, 181 

potassic tartrate of, 624 - 

Antozone, 93 

Areometer (hydrometer), 431 
Arseniates, 323 
Arsenic, 173 

anhydride, 176 

bromide, chloride, and iodide of, 

175 

- — combinations with alcohol radicles, 
523 

determination of, 355 

sulphides of, 177 

Arsenides of hydrogen, 174 
Arsenio-dimethyl, 524 

methyl, 525 

AiBenious anhydride, 175 
Arsenites, 176 , 323 
Arsines, 518, 520 
Atmospheric air, 190 
Atoms, 1 

Atomic theory, 13 

— volumes, 786 

— weights, 14 — 20 

— — table of, 26 

— (Front's hypothesis), 337 

Atomicity, 657 
— - of bases, 51 

radicles, 30 

Atropia, 736 
Atropic add, 737 
Austrapyrolene, 395 

Barium, 237 
salts of, 237 

— characteristics of the, 238 

Baryta, 237 
Bases, definition of, 44 

atomicity of, 51 

Basiciiy, general considerations on, 657 

of acids, 52 

Benzamide, 629 
Benzine, 399 
Benzoates, 576 
Binacetates, 566 
Bismuth, 182, 189 

salts of, 183 

Bismuth-ethyl, 526 
Biuret, 708 
Black, lamp, 140 
Blende, 242 

Bodies, simple and compound, 1 
active, 9 


Bodies, classification of, 74 o 

colloid, 484 

fatty saponification of, 447 

hemimorphous, 774 

— homologous, 365 

isologous, 365 

organic, 341 

organized, 341 

Boiling points, 775 

table of, 778 

Borates, 325 

Boron, 127 

bromide of, 127 

chloride of, 128 

fluoride of, 129 

nitride of, 131 

Bromacetyl-urea, 743 
Bromhydrin, 444 
Bromides, 335 
Bromine, 78 

chloride of, 79 

determination of, 354 

action of, on organic compound s, 

759 

Bromoform, 427 
Brucio, 730 
Bulk, action o£ 4 
Butyrates, 569 

Cacodyl, 524 
Cadet's liquor, 524 
Cadmium, 247 

characteristics of the salts of, 248 

Caffeine, 753 
Calamine, 242 

Calcic salts, distinctive characters of, 
236 

Calcium, 231 

carbonates of, 233 

chloride of, 233 

oxalate of, 236 

oxide of, 234 

phosphates of, 235 

— sulphate of, 236 
Calcyl, 232 
Calomel, 262 
Cumphene, 395 
Camphor, 395 

artificial, 896 

Borneo, 423 

of lemon, 396 

Cane sugar, 476 
Caramel, 477 
Carballylic acid, 617 
Carbinol methyl, 436 
propyl, 437 
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Carbon, 138* 863 

determination of, 846, 356 

oxide of, 141 

sulphide of, 143 

Carbonates, preparation and properties 
of, 325 

Carbonic acid, 148 

- — — ammoniacal derivatives c* 
706 

— • anhydride, 142 

amides, 705 

Carbonyl, 765 
Casein, 755 
Catalysis,5 
Caustic potash, 205 
Cellulose, 472, 486 
Cesium, 221 
Charcoal, animal, 140 

of sugar, 141 

wood, 140 

Chemical combination, 3 
Chemistry, definition of, 2 

organic, 340 

Chcssylitc, 254 
ChlomteB, properties of, 324 
Chlorhydrin, 442 

Chlorides, general remarks on, 333 
— — distinctive characters of, 335 
Chlorine, 76 

action of, on organic compounds, 

759 

on sulphides, 329 

combinations of, with oxygen, 99 

determination of, 354 

insolated, 77 

Chlorites, properties of, 325 
Chloroform, 426 

silicated, 133 

Chlorous anhydride, 101 
Chromates, properties of, 326 
CUrome-alum, 294 
Chromic acid, 296 

anhydride, 295 

chlorhydrin, 297 

Chromium, 290 

- — characters of tlio salts of, 298 

chlorides of, 290 

hydrate of, 293 

oxides of, 293 

sulphates of, 294 

— — oxidei of, 293 
Cinohonia, 734 
Cinnabar, 256 
Cinnomene, 403 
Citrone, hydrochlorate of, 397 
Cobalt, 298 


Cobalt, characters of the salts of, 299 

Codeia, 727 

Cohesion, 5 

Coke, 140 

Colliding 735 

Colloid bodies, 484 

Colophene, 395 

Combinations, 3 

Compound ammonias, 500, 517 

— nomenclature of, 510 

ureas, 712 

Copper, 248 

alloys of, 256 

ammoniacal sulphate of, 253 

bromides of, 250 

carbonates of, 254 

characters of the salts of, 255 

chlorides of, 251, 254 

fluorides o£ 250 

hydrate of, 252 

nitrate of, 253 

oxides of, 252, 255 

poisoning by, 256 

smelting of, 248 

sulphate of, 252 

sulphides of, 251, 255 

Corrosivo sublimate, 258 
Creatine, creatinine, 750 
Crystalline forms, 773 

systems, 7 

Crystallization, fractional, 342 

water of, 69 

Crystallography, 6 

Crystals, optical properties of, 9 

Cumene, 402 

Cupric compounds, 250 

Cuprous compounds, 250 

Cyaraelid, G96 

Cyanainide, 700 

Cyanates, transformation of, into ammo- 
nia and urea, 696 
Cyanctholinc, 697, 702 
Cyanic acid, 696 

amides, 700 

ethers, 696, 702 

Cyanides, metallic, 690 
Cyanogen, 685 

bromide and iodide of, 695 

— — chlorides of, 694 

compounds, constitution of, 702 

Oyanurca, 699 
Cyanuric acid, 698 

Delavaud’s theory on atomicity, 34 
Densities, vapour, 15, 358 
Dextrin, 488 
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Diahuramide, 744 
Diamides, 648 
Diamines, 514 
Diammoniums, 515 
Diamond, 138 
Diastase, 755 
Dicyanamide, 701 
Dipyrolene, 395 
Distillation, fractional, 843 
Diterebine, 395 
Ditliionates, 324 

Dulcitanides, saponification of, 462 
Dulcite, 471 

Eikologous series, 374 

Electricity, action of, on combinations. 3 

salts, 55 

Elective properties, 5 
Energy, specific refractive, 789 
Epichlorliydrin, 452 
Equations, chemical, 27 
Equivalents, 9 
Erythridcs, 458 
Erythrite, 458 
EBculin, 466 

Essential oil of turpentine, 394 

. ■ — derivatives of, 397 

isomers of, 398 

Ether, chlorinated, 832 

ethylic, 419 

formula of, 420 

methylic, 419 

preparation, etc., 431 

Ethers, compound, 415 

hydrocyanic, 692 

mixed, 418 

proper, 417 

— simple, 414 

nomenclature of, 421, 458 

of acid* amides, 639 

of mercaptans, 493 

of primary alcohols, 414 

Ethyl, acetate of, 565 

cyanide of, 694 

oxide of, 431 

— silicides of, 534 

stannides of, 530 

sulphide of, 495 

— synthesis of, 807 
Ethyl-amine, 697 

■■■■ synthesis of, 835 

Ethyl-ohlorhydrins, 668 
Ethyl-urea, 713 
Ethylene, 386, 388 

— bromide of, 439 
Ethylene-diamine, 717 


Ethylenie urea, 717 
Euoalyn, 465, 481' 

Eudiometry, 192, 357 

Fatty acids, synthesis o( 817 
Fecula, 487 

Ferric compounds, 282, 286 
Ferricyanides, 691 
Ferrocyanides, 690 
Ferrous compounds, 282 
Ferments, 755 

Fluorides, general remarks on, 335 
Fluorine, 80 
Formula, 27 

Fractional distillation, 343 

solution, 342 

Furfural, 678 
Fusing point, 774 

Galactose, 465, 475 
Galena, 305 
Gas, marsh, 375, 378 

olefiant, 3SS 

Gases, analysis of, 345 
Gelatine, 756 
Gelatinous substances, 756 
Glacial acetic acid, 563 
Glucose, 4Q5, 472, 757 
Glucoses, 464 
Glucosic alcohols, 475 

anhydrides, 483 

Glucosides, 466 
Glyoeramine, 517 
Glyceric acids, 448 

alcohols, 451, 455 

ethers, 450 

Glycerine, ordinary, 447, 457 
Glycerines, 447 

condensed, 454 

nomenclature o£ 458 

— sulphuretted, 496 
Glyceryl, 406 
Glycide, 452 
Glycocol, 756 
Glyools, 438, 456 

condensed, 443 

nomenclature of, 458 

pseudo, 498 

synthetical preparation of, 818 

Glycocyamidine, 753 
Glyoocyamine, 753 
Glyoxal, 680 
Gold, 267 

bromide of, 270 

chlorides of, 269 

extraction of, 268 
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Gold, iodide of, 270 

oxides of, 270 

reactions of the salts of, 271 

sulphides of, 271 

Graphite, 139 
Greiss* compounds, 507 
Guanidine, 752 
Guanine, 75.0 

Haloid salts, 46 
Heat, 3 

— of combination, 780 

of combustion, 779 

specific,' 23, 779 

units of, 785 

Hemihedral bodies, 9 
Hemimorphous bodies, 774 
Homologous bodies, 305 

boiling points of, 775 

series, 305 

refractive properties of, 793 

Hydautoin, 741 
Hydrargyrum, 250 

Hydrates of quutemary ammoniums, 
503, 509 

Hydride of amyl, 381 
ITydrocarbtdcs, 303 

• isomerism of, 370 

series of, 305 

table of, 300 

synthesis of, 810 

Hydrocai$ides liaving the formula 
OH 2 *, 382 

C*H 2 «+*, 375 

Oil 2 **— 2 , 391 

OH 2 *-*, 394 

OH 2 *- 45 , 398 

OHM 403 

C»H 2 '*- 10 , 404 

OH 2 *-* 2 , 404 

. OH 2 "- 145 , 404 

Hydrocarbon radicles, 404 
Hydrocyanic ethers, 692 
Hydrogen, 80 

— action of, on organic compounds, 
768 

antimoniuretted, 178 

arseuiuretted, 174 

binoxido of, 98 

bisulphide of, 113 

determination of, 340, 356 

nascent, 768 

pliosphuretted, 164 

seleniuretted, 122 

silicatcd, 184 

sulphuretted, 111 


Hydroquinone, 720 
Hypochlorites, 325 
Hypoiodites, 106 
Hyponitride, 158 
Hypophosphites, 323 
Hyposulphatcs, 324 
Hyposulphites, 121, 824 
Hypoxanthine, 750 

Imides, 644 

Index of refraction, 788. 

of elements, 795 

Inositc, 465 

Inulin, 484 

Inverted sugar, 477 

Iodides, general remarks on, 335 

Iodine, 80 

action of, on organic compounds, 

759 

bromides of; 79 

chlorides of, 79 

determination of, 354 

Iodoform, 427 
Iodoquina, 732 
Iron, 280 

bromides of, 283, 286 

characters of the Balts of, 289 

chlorides ofc 282, 285 

hydrates of, 283, 286 

iodides of, 283, 286 

oxides of; 283, 286, 288 

pyrites, 289 

smelting of, 280 

sulphate of, 284 

sulphides of, 284, 289 

titanic, 289 

Isobiuret, 743 
Isologous bodies, 365 
Isomerism, 73, 773 

effect of, on refractive properties, 

789 

Isomorphism, 773 
Isotcrebentliene, 395 

Kcnomerism, 74 
Kcrrnes, 181 

Lactamide, 588 
Lactide, 597 
Lactic acid, 595 
— - synthesis of, 820 
Lactose, 482 

Law of multiple proportions, 6 
Lead, 302 

acetate of, 308 

bromide of, 304 

carbonate of, 309 
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Load, chloride of, 804 

chromate of, 807 

ethyl, 803, 532 

hydrate of, 30G 

iodide of, 804 

methyl, 303 

nitrute of, 307 

oxides of, 800, 810, 311 

poisoning by, 311 

salts, characters of, 311 

smelting of, 802 

sulphate of, 306 

sulphide of, 305 

Legumin, 755 
Lepidene, 735 
Leucine, 756 
Levulosane, 477 
Le villose, 465, 474 
Light, 3 

deviation of, 9 

polarization of, 9 

action of, on chlorine, 77 

phosphorus, 163 

Limacine, 758 
Lime, 234 

characters of the salts of, 236 

Liquids, analysis of, 343, 346, 350 
Lithium, 221 
Lutidine, 735 

Magnesia, 241 
Magnesium, 238 

bromide of, 239 

carbonate of, 241 

chloride of, 239 

hydrate of, 240 

oxide of, 240 

.sulphate of, 240 

reactions of the salts of, 242 

Magnesium-ethyl, 529 

methyl, 529 

Malic acid, 613 

ethers, 616 

Maltose, 465, 474 
Manganates, 278 
Manganese, 277 

chlorides of, 277 

oxides of, 278 

reactions of the salts of, 279 

Mannide, 470 
Mannitane, 463, 470 
Mantiitanides, saponification of, 462 
Mannite, 461, 463, 467 

synthesis of, 834 

Mannitic add, 461 
Mannitose, 465, 475 


t 

Marsh gas, 875, 378 

synthesis of, 806 

Matter, 1, 837 
Melezitose, 481 
Mclitose, 479. 

Mercaptans, 493 
Mercur-amyl, 534 

ethyl, 533 

methyl, 533 

Mercuric compounds, 258 

bromide, 259 

chloride, 258 

iodide, 259 

nitrate, 262 

oxide, 261 

sulphate, 262 

• sulphide, 256, 260 

Mercurous compounds, 262 

bromide, 264 

chloride, 262 

ifxlide, 264 

nitrute, 264 

oxide, 264 

sulphate, 265 

sulphide, 264 * 

Mercury, 256, 266 

characters of the salts of, 265 

purification of, 257 

Metalloids, 75 

biutomic, 88 ■ 

general remarks on, 124 

monatomic, 76 

general remarks on, 88 

pentatomic, 151 

general remarks on, 189 

tetrutomie, 131 

general remarks on, 149 

triatom ic, 127 

Metals, 75 

classification of, 196 

determination of, 356 

general properties of, 200 

biutomic, 231 

general remarks on, 266 

monatomic, 202 

general remarks on, 231 

bexatomie, 316 

pentatomic, 316 

tetratomic, 272 

general remarks on, 315 

triatomic, 267 

Motameric bodies, refractive properties 
of, 789 

Metamerism, 73 
Metastyrol, 403 
Metaterebenthene, 395 
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Methyl, 406, 436 
Methyl-diethyf carbinol, 486 
Methylene, 446 
Methylic alcohol, 424 

synthesis of, 808 

Methylummine, 753 
Minium, 311 
•Mispickel, 173 
Mixtures, 2 
Molecular types, 37 

volume, 787 

weights, 14 

Molecules, 1 
Monamides, 634 
Monamincs, 500 . 

action of nitrous acid on, 506 

Morphia, 726 
Murexid, 744 
Mycose, 481 

Naphthalin, 404 
Narcotina, 728 
Nascent state, 4 
Neutral solvents, 342 
Niootina, 722 
Nickel, 300 

Nitrates! gqpcral properties of, 321 
Nitrites, 158, 322 
NitrJgcn, 151 

bromide, chloride, and iodide of, 

154 

determination of, 351 

\y conversion into ammonia, 

353 

oxides of, 155 

Nitrous acid, 769 

action of, on monaminos, 507 

organic compounds, 769 

Nitvyles, 631 

Nomenclature, chemical, 55 
Notation, chemical, 27 

Olefiant gas, 388 
Optical analysis, 798 

properties of crystals, 9 

Organic analysis, 341 

acidB, 537 

chemistry, 340 

compounds, action of ror.gents on, 

758 

series, 363 

substances : relations between their 

composition and physical properties, 
773 

Organo-metolUc compounds, 526 
Oxalnn, 744 


Oxalantin, 740 
Oxalic acid, 609 

synthesis of, 393, 824 

Oxidants, action of, on alcohols, 461 
Oxides, action of agents on, 318 

classification of, 317 

general remarks on, 817 

preparation of, 317 

Oxygen, 88 

action of, on organic compounds, 

758 

allotropio states of, 92 

combinations of, 94, 124 

of substitution, 788 

typical, 788 

Oxymorphia, 727 
Ozone, 92 

Packfong, 301 
Paramorphous bodies, 774 
Parasaccharose, 478, 483 
Perclilorates, preparation and proper- 
ties of, 325 

Pcrsalts of iron, 282, 286 
Phenol, 650 

cresylic, 653 

thymilic, 720 

Phenols, 650 

actually known, list of, C57 

Phenylcne, 403 
Phillyrin, 466 

Phosphates, general properties of, 322 
Phosphides of hydrogen, 164 
Phosphines, preparation and properties 
of, 518 

Phosphites, general properties of, 322 
Phosphoric acids, table of, 171 

tests of, 172 

j theory of the, 172 

I anhydride, 169 

j Phosphorus, 161 

; amorphous, 163 

| bromides, chlorides, and iodides of, 

| 166 

j determination of, 355 

■ purification of, 162 

1 sulphides of, 173 

; Phosphuretted hydrogen, gaseous, 164 

.■■■ — . liquid, 165 

— .... ... ■ solid, 166 

Picoolinc, 735 
Pinite, 460 
Platinum, 312 

amalgam, 314 

— — atomicity of, 315 
black, 313 
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Platinum, extraction of, 812 

purification of, 813 

salts of, 314 

reactions of*the, 315 

Plumbago, 139 
Plumb-ethyl, 532 
Plumbo-methyl, 532 
Poly amines, 516 
Polyglucosic alcohols, 475 

— anhydrides of, 483 

Polymeric bodies, refractive properties 
of, 791 

Polymerism, 74 
Polymorphism, 72 
Populin, 466 
Potash, 204 
caustic, 205 

Potassic salts, characteristics of, 211 
Potossio-tartrates, 623 
Potassium, 202 

acetate of, 205 

bromide of, 204 

carbonates of, 206 

chlorate of, 208 

chloride of, 203 

chromates of, 296, 208 

ferricyanide of, 691 

ferrocyanide of, 690 

formiate of, 559 

hypochlorite, 209 

iodide of, 203 

— nitrate of, 207 

sulphates of, 210 

sulphide of, 211 

Potassium ethyl, 528 
— — methyl, 528 
Powder of algaroth, 178 
Power, absolute refractive, 780 
Propyl-dietliyl-carbinol, 437 
Prupyl-dimcthyl-carbinol, 437 
Propyl-phycite, 459 

synthesis of, 819 

Prout’s hypothesis, 337 
Proximate analysis, 341 
Pseudo-alcohols, 496 

synthesis of, 812 

Pseudo-amylamine, 511 
Pseudo-glycols, 498 
Purpurate of ammonium, 744 
Pyrites, magnetic, 289 
Pyrucatecol, 720 
Pyrridine, 735 

Quanti valence, 32 
Quaternary ammoniums, 510 
— hydrates of; 503, 509 


Quercite, 460* 

Qmna, 781 

adulterations and tests of, 733 

sulphates of, 733 

Quinic acid, 718 
Quinidine, test for, 734 
Quinoline, 732 
Quinonic group, 718 

Radicles, 30 

acid, 536 

alcohol, 405 

— atomicity of, 31 
free, 405 

hydrocarbon, 404 

of even atomicity, 407 

of uneven atomicity, 405 

oxygenated, 536 * 

Reagents, action of, on organic com- 
pounds, 758 

Refraction equivalents, 789 
index of, 788 

of compounds, calculation of, 

796 

of the element s, 795 

Refractive energy, 789 
; — — power, 789 
Rubidium, ^21 

Saccharic acid, 461, 464 
Saeeharometry, 489 

optical, 491 

Saccharose, 476 — 478 
Salta, 43 

acid, basic and neutral, 51 

— action of electricity on, 55 
anhydrous, 52 

— constitution of, 46 

! definition of, 45 

, double, ^2 

! haloid, 46 

■ oxy, 48 

Saponification of nmnnitunidcs and 
dulcitanidc, 462 
Sarcosinc, 752 
Selenium, 121 

compounds, 126 

— with sulphur, 123 

Series, cikologous, 374 
*— heterologous, 373 

homologous, 365 

isologous, 365 

of hydrocarbons, 365 

organic, 363 

thionic, 119 

Silica, 134 
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Silica, gelatinous, 134 
Silicated cliloftrform, 133 

hydrogen, 134 

Silicates, properties of; 326 
Silicides of otliyl and methyl, 534 
Silicic anhydride, 134 
Silicon, 131 

bromide and chloride of, 132 

fluorido of, 134 

iodide of, 132 

sulphide of, 138 

Silico-nonyl, chloride of, 534 
Silico-nonylic alcohol, 535 
Silver, 221 

— ■ alloys of, 222 

bromide of, 224 

chloride of, 223 

coinage, 222 

German, 301 

iodide of, 224 

nitrate of, 226 

oxide of, 225 

sulphide of. 225 

snltd, characteristics of, 227 

Sodium, 212 

borate of, 218 

carbonates of, 216 

cliloifde of, 212 

— • ethyl, 528 

hydrate of, 217 

hypochlorite of, 220 

hyposulphite of, 219 

metfeyl, 528 

nitrate of, 218 

sulphates of, 215 

salts, characteristics of, 220 

Solids, analysis of, 342, 345 
Solubility, curves of, 64 
of gases, 68 

— of solids, 62 
Solution, fractional, 342 
Solvents, neutral, 342 
Sorbin, 465 

Specific heat, 23, 779 

refractive energy, 789 

Spirit of wine, 428 

wood, 424 

Stannates, 148 
. Stannic anhydride, 147 
Stannides of ethyl and methyl, 530 
Starch, 485 

transformation of, into glucose, 

472 

Steel, 280 
Stibines, 519 
Stilbene, 404 


Strontium, 237 
salts of, 237 

characteristics of the, 238 

Strychnia, 729 
Styrol, 403 
Sugar (cane), 476 

inverted, 477 

of milk, 482 

Sugars, general properties of, 472, 475 
Sulphates, general properties ot‘ 323 
Sulphidos, general remarks on, 326. 
Sulphites, general properties of, 324 
Sulpho-cacodylates, 524 
Sulplio-congugate bodies, 763 
Sulphur, 109 

allotropic states of, 110 

— combinations of, with hydrogen, 
111 

oxygen, 114 

compounds, 126 

determination of, 355 

Sulphuretted glycerines, 496 

glycols, 495 

Sulphuric acids, 116 
Sulphuryl, 764 
Symbols, 27 

table of, 26 

Synthesis, definition of, 804 

of hydrocarbides, 810 

organic history of, 803 

Tannin, 620 
Tartaric acid, 621 
Tartar emetic, 624 
Tellurium, 123 

compounds, 126 

Terebine, 395 
Terpinc, 396 
Terpinol, 396 
Thermo-chemistry, 779 
Theobromine, 753 
Tfaionic series, 119 
Thorium, 149 
Tin, 144 

atomicity of, 530 

bromides of, 146 

chlorides of, 145 

ethylide of, 530 

fluorides and iodides o£ 146 

oxide of, 146 

sulphide o£ 148 

— tests for the salts of, 145 
Titanic iron, 289 
Titanium, 149 

Toluene, 400 
Toluidine, 508 
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Trehalose, 480 
Tribromacetyl urea, 743 
Trimethyl carbinol, 430 
Trnpine, 737 
Turpentine, 394 

hydrochlorate of, 395 

Typo, ammonia, 40 

hydrochloric acid, 40 

hydrogen, 39 

water, 40 

Types, condensed, 41 

molecular, 37 

Tyrosine* 754 

Units of heat, 785 
Uramil, 744 
Uranium, 184, 189 

characteristics of tlio salts of, 188 

Uron, 707 

determination of, in urine, 710 

prepared synthetically, 805 

Ureas, compound, 712 

condensed, 716 

containing alcohol radicles, 713 

— — acid radicles, 71 G 

ethylenic, 717 

sulphuretted and pliospliurcttcd, 

716 

Uric acid, 738 

determination of, 749 

extraction of, 749 

compounds, constitution of, 746 

group, 738 

Valerates, 571 

Valetyl, 406 

Vapour densities, 15 

— — ■ determination of, 358 


INDEX. 

Veratria, 736* 

Verdigris, 254 
Vermilion, 261 
Vinegar, 561 
Violantin, 739 

Volatility of tlio alkaloids, 721 
Volume, atomic, 786 
— molecular, 787 

Water, 94 

of constitution, 71 

of crystallization, 69 

of interposition, 69 

oxygenated, 98 

synthesis o£ 95 

type, 40 

Weights, atomic, 20 
Wood spirit, 424 
Woulfe's apparatus, 77 

Xanthine, 750 

Zinc, 242 

amyl, 528 

binoxide of, 246 

bromide of. 213 

— - carbonate of, 247 

chloride of, 243 

ethyl, 526 

! hydrate of, 245 

! — iodide of, 244 

: methyl, 526 

oxide of, 245 

sulphate of, 245 

sulphide of, 242 

! reactions of the salts of, 247 

Zirconium, 149 


THE END. 
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